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Hukill Chemical Corporation TABLE D-1 Revision &, 1§92
DIMENSIONS AND CAPACITIES OF PLANNED HAZARDOUS WASTE STORAGE TANKS
Planned future permitted storage tanks are listed by containment dike lecation.
[ F |
[M = 1,000 gal., CfS = carben steel, 5/S = stainless steel)
| MAT'L |TYPE | APPROX. APPROX. | NO. | WORKING | CAPACITY
OF | OF TANK SIZE | OVERALL | OF | TANK CAP. | PER SIZE
DIKE DESIGNATION CONST. BTM. |DIA-HT.ft. | HEIGHT.ft. | TKS. [id gal.] (M gal]
Existing HW Tank Dike CS |FLAT [13-25.2 26 5 25 125
(With Planned Tanks] SiS |FLAT [12-24.8 25 2 21 42
Total Permitted Capacity, M gal. 167
Existing Feed & Boltoms Dike CS |CONE 6-20 23 4 b 12
CS CONE | 10.5-27 j2 i 16 16
Total Permitied Capacity. M gal. 28
Rail Dike R-1 CS FLAT 12-23.6 30 3 25 75
Cs |CONE 12-20 24 1 1% i5
Total Permitted Capacity, M gal. 50
Tank Farm Dike B-4 CS FLAT [12-29.6 30 2 2h 50
! CS DISH {12-19 23 5 15 5
S |CONE 12-20 24 2 15 30
Total Permitted Capacity, M gal. 155
HW Fuels Dike F-1 CE [DISH 8.5- i 9.5 9.5
C8 ICONE 10-15 26.5 1 10 10
Total Permitted Capacity, M gal. 19.5
HW Fuels Dike F-2 [W. Sect] CS DISH '12-19 23 L 15 60
East Warehouse Dike SiS  SLOPE | 4xbx7 Rect 0 2 1 2
CS |CONE '4-7 10 2 8.7 1.5
3.5
HW Solv. Cont. Proc. Bldg. €S |SLOPE | 4xbx7 Rect 18 2 L 2
Cerrosive HW Proc. Bldg. SiS DISH (8-10.5 12 3 4 12
Spent Acid Tank in Dike CS |HORIZ | 11-20LG 13 1 12 12
i
~ "TAL CAP. OF PLANNED PERMITTED HAZARDOUS WASTE TANKS FOR SITE, M gal. i 545
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Hukill .. _.nical Corporation

Hazardous Waste Storage Tank Dikes -

TABL..

D-2

Containment Summary for Current Dikes

Calculated by taking the internal dike volume and subtracting the volumes of the pedestals and all but the largest tank from base

to top of wall. Cone and Dish bottom tanks have no displacement within the dike. All cutdoor dikes designed to contain the largest

tank's contents plus four inches of rainfall minimum per OAC 3745-55-93(E)(1)(b).
Refer to Appendix D of each tank system's Exhibit for details of calculations.

No. of Tanks in Dike

Largest Tank in Dike - Vol,, gal.
IHeight of Dike Wall, ft.

Area of Dike, sq.ft.

Vol. , Top of Wall to Slab, cu ft,
Volume of Pedestals, cu ft.
Volume of Anty Raised Concrete Slab, cu ft.

Volume of all but Largest Tank Below Top of Wall, cu ft.

Net Volume for Containment, cu ft.

Volume of 4 inches Rainfall, cuft. *
Capacity of Largest Tank, cu ft,

Required Containment, cu.ft.

Cont. OVER Reqg'd Amt., cu.ft.

(N DIKE DESIGNATION @
FEED & 4x3M Gall. E.WHS. for
7-TANK BTMS. ** [ Feed Tk. DISPERSER
g 4 4 4 3
21,000 16,000 15,000 2,900 2.000
3.00 38&286 317 150 0.38
2,970 615 918 275 6,424
3910 1,924 2807 413 450
568 N/A 95 N/A See Below ***
663 MN/A
1,340 N/A
8,339 1.924 2812 413 450
1,081 256 359 N/A MNIA
2,807 2139 2,005 388 267
3.888 2,385 2,364 388 267
2,451 1,879 448 25 183
Exhibit D-2 Fxhibit D-10 Exhibit D-6 Exhibit D-7 Exhibit D-8

Exhibit where Details for Calculations are Found.

* Rainfall Area Includes the Top-of Wall Aera.

Revision 0, 3/96

** Feed & Btms. Tank dike wall was notched at top of common wall to Exist. 7-Tank Dike to get required containment.
Refer to text under "Spill Containment Volume for Dikes" in Section D {for discussion and Appandix B of Exhibit D-10.
“** Used only aisle space to demonstrate more than required containment available.

Section D
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Hukin Chemical Corporation

TABLE D-3

Revision 8, 10/83

CONTAINMENT CALCULATIONS FOR H.W. CONTAINER STORAGE AREAS AND UNLOADING DOCK AREAS.

|

Calculations take the internal containment area by the minimum curbing height for the maximum containment volume. The added volumes due to floor siope and trench

volume are also included. Then, the displacement for pallets or other major displacements are subtracted from the total volume to get the Net Containment Volume

available with the maximum permitted storage on hand.

I

I

Truck Unloading Dock Areas are designed to contain 44,000 pounds of the Hazardous Waste normally unloaded at that dock. Volume is based on density,

The volume of a typical pallet was calculated as 1.9 cubic feet. However, for containment calculations, only the particn of the pallet below the top of the
minimum height of the containment wall is considered.
PLANNED PLANNED PLANNED PLANNED
CONTAINER CORRQOSIVE SPENT SOLYV. CORROSIVE
EAST PROCESS PROCESS CONTAINER UNLOADING UNLOADING
ITEM WAREHOUSE BUILDING BUILDING BUILDING DOCK AREA DOCK AREA
Length Inside Containment Area, ft. 92 a0 119.33 72 60 24
Width Inside Containment Area, . 74 44 S8 48 50 235
Height of Containment Area Curb, ft. 0.375 0.375 0.333 0.333 24 1.167
Containment Volume, cu ft. 2,553 1,320 3,894 1,151 7.200 658
Reduced by Dikes, Cther items, cu.ft. e 334 661 an --- o
Added VYolume Due to Slope, cu it. N/A N/A 1,282 288 00 468
Total Possible Containment Vol., cu ft. 2,553 386 4,515 1,438 8,100 1,127
Maximum Number of Drums for Area 218 100 1500 500 N/A N/A
Number of Pallets on Floor, * (55 gal. dms.) 114.5 25 187.5 625 MN/A N/A
Max. Number of Galions for Bulk Truck, gal. N/A NIA N/A N/A 6,600 5,300
VYolume of Pallets to Curb Min. Height, cu.ft. Qg 21 135 45 - .
Net Volume for Containment, cu ft. 2,454 966 4,380 1,394 7.200 1127
Converted to Gallons Containment Vol., gal.’ 18,360 7.224 32,765 10,426 53.863 8.432
| Largest Haz. Waste Volume Available, gal. 50,380 5,500 82,500 27,500 6,600 5.300
Ten Percent Containment for Drums, gal. 5,038 550 8,250 2,750 N/A N/A
Add 4" Rain Volume for Qutside Areas, gal. NFA N/A N/A, N/A 7.474 2810
Required Containment Volume, gal. 5,038 550 8,250 2,750 14,074 8,110
Containment OVER Required Amount, gal. 13322 €.674 24,515 7.676 47,263 322
*_Pallets are normally stacked two high. This means that eight drums occupy a single pallet area. Exception is the Processing Area, ONE pallet high.
Seaction D Page 1 \PARTB-8\CONTCALC
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Hukill Chemical Corporstion /‘ N < P Revision 5, 1/92
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Structural Assessment of a Hazardous Waste Storage Tank
for Hukill Chemical Company
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Structural Assessment of a Hazardous Waste Storage Tank
for Hukill Chemical Company

7 Tank Dike System - Tanks V-114 thru V-614;
V-120: V-4000C: V-1500C
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Structural Assessment of a Hazardous Waste Storage Tank
for Hukill Chemical Company "

Tanks Fast 6/M: West 6/M: V-117

BTMS/Feed Tanks
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Structural Assessment of a Hazardous Waste Storage Tank

TARME V- O

for Hukill Chemical Company

F-1 Fuels Dike

Tanks V-110; V-210; V-6000; 13-15M
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Structural Assessment of a Hazardous Waste Storage Tank-

for Hukill Chemical Company

4 X 3M Feed Tanks
Tanks 8-3-F thru 11-3-F
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Structural Assessment of a Hazardous Waste Storage Tank
for Hulkiil Chemical Company :

Disperser Tank

Exhibit D-8
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Structural Assessment of 2 Hazardous Waste Storage Tank
for Hukill Chemical Company

Spent Acid Tank

Exhibit D-9
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Structural Assessment of a Hazardous Waste Storage Tank
for Hukill Chemical Company

Index of Tank Drawings and Sketches
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6-96 STORAGE AND PROCESS VESSELS -

vessel, and signed by the fabricator and by the authorized inspector.
Copies of these reports are always sent to the vessel owner. If the
vessel is to be registered with the National Board, the board re-
ceives two copies of each (see also p. 6-92), one of which it for-
wards to the Code authority in the state where the vesse] will be
installed. '

Materials of Construction. Subsection C, Requirements Pertain-
ing to Classes of Materizls, deals with allowable stresses and other
requirements which are dependent upon the material. With certain
exceptions, it requires that all materials subject to stress in Code
vessels shall conform to one of the specifications given in Section T
(Material Specifications) of the Boiler and Pressure Vessel Code.
Suhsection C is divided into the following parts: :

UCS—Carbon and low-alloy steels

UNF—Nonferrous materials

UHA—High-alloy steels

UCI--Cast iron : -

UCL-Integrally clad plate or corrosion-resistant linings

UCD—Cast ductile iron .

UHT—Ferritic steels with properties enhanced by heat treatment

Part UNF tabulates some mechanical and physical properties that
are not readily found elsewhere. : ‘

Tables 6-57 through 6-59 show the allowable stresses at several

Table 6-57. Maximum Allﬁvéélble Stress Values in Tension for Carbon und Low-alloy Steels
’ Values in pounds per square inch

temperatures for some of the more frequently used materials in Payy,
UCS, UNF, and UHA. Materials are not approved for temperaty,
outside the ranges shown in the Code. - o
Fabrication Methods. Subsection B, Requirements Pertaining ¢,
Methods of Fabrication of Pressure Vessels, is divided into gth: :
following parts: .

UW—Welded vessels

UR—Riveted vessels

UF—Forged vessels

UB—Brazed vessels : ‘ .

‘Welding is almost universally employed for fabrication of pressure -
vessels. Forged vessels are generally used for high pressures where
shell thickness becomes too great for rolled and welded plate con. -
struction. Brazing is used mainly for small vessels in quantity i
production, although the Code does not place any limit on they
size.

“Welded vessels (discussed in Part UW) may be fabricated from: &
any Code-approved materials that are proved to be of good weldable °
quality. The welding procedure must be qualified in accordance
with Section IX. Section IX also requires that each welder pass
qualification. tests for each particular type of welding or ‘welding.
machine operation in which he is involved. Usually, steels with' :
less than 0.35 per cent carbon can be welded without diffienl

ASME, Spec. min. “For temperatures not exceeding °F.

Specification Nominal tensile ~ 20t -
No. Grade composition strength 650 700 800 - 00 1000 11007 T 1200

Plates k

Carbon Steel . . 7

55 c-si 53,000 13,200 10,200 6,500 2,500
SAS15 70 C-Si 70,000 17,500 16,600 12,000 6,300 2,500
SAB16 55 C-5i 55,000 13,700 13,200 10,200 8,300 2,500
SAS16 . 70 C-5i 70,000 17,500 16,600 12,000 6,500 2,500
§A285 A PR 43,000 11,200 11,000 9,000 8,500
54285 B ] eeeean- 50,000 12,500 12,100 9,600 6,500
SA285 (o] 33,000 13,700 13,200 10,200 . 6,500

Low-alloy Steel . } .
$AZ02 A Cr-Mn-Si 75,000 18,700 17.700 12,600 '6,500 2,500
SAZ02 B Cr-Mn-5i . 83,000 21,200 18,800 12,800 6,500 2,500 .
SA38T oy 2Y. Cr-1 Mo 3 - 60,000 15,000 13,000 15.000 13,100 7,800 4,200

Seamless Pipes and Tubes

Carbon Steel .

SA53 A | e 48,000 12,000 11,600 9,200 6,500
SAS53 B | s 60,000 15,000 14,300 - 10,800 . 6,500

Low-alloy Steel : . . ) ' i
SAZ13 T22 2%, Cr-1 Mo 60,000 15,000 15,000 13,000 13,100 7,800 4,200

Farg'i:igs - ‘

Carbon Steel
SA103 ) A SN 60,000 15,000 14,300 10,800 6,500. 2,500
SA105 s S IR 70,000 17,500 16,600 12,000 ‘8,500 2,500.

Lou-alloy Steel ' - s .
SAI182 - F22 2y Cr-1 Mo 70,000 '__17,500 17,500 17,300 14,000 7,800 4,200
SA372 v 0.25 Mo 105,000 $5.900 to 24,600 (when normalized or normalized and tempered)

Castings

Cerbon Steel

. 5A218 . WCA | eneinn 69,000 15,000 14,300 10,300 6,500 2,500
SAZ16 WCB | e 70,000 .. 17,500 16,600 12,000 6,500 . 2,500

Low-alloy Steel ' : . f Coe Lot T
SA217 wecs | 2Y, Cr-l Mo 70,000 17,500 17,500 17,000 14,000 7.800 4,200

Bolting ' L . ‘ .

Carbon Steel : 4
54307 B Ol i 55,000 7.000 {not permitted above 450°F.)

Low-alloy Steet |- . ' . :

SA183 B, 1Cr02Mo | o eeeee-s 25,000 25,000 21,000 12500 ° 4,500
SAI93 Bl16t 1Cr05Mo | ioeeoes 25,000 25,000 25,000 201,500 11.000 2,700

* annealed. tUnder 2%, in. diameter.




Jable 6-58. Maximum Allowable Siress Vulu;e?E in Te

PRESSURE VESSELS

nsion for Aluminum and Aluminum-alloy Products
Values in pounds per square inch

6-97

AS.TM. $pecified Specified
;35?;— ) m;:;g;l: N ml;}:ﬂgm For temperatures not exceeding °F.
- nation- | Temper Thickness, in. strength strength 100 150 200 250 300 350 400
Sheet and Plate: A.S.M.E. Specification Ne. SB-209 . )
1060 o . .| 0.051-3.000 8,000 2,500 1600 J. 1600 | 1,600 1400 1200 | 1,000 500
- HIZ 0.051-2.000 11,000 5,000 2,700 2,700 2,600 2,300 2,000 1,800 1,100
Hl4 0.051-1.000 12,000 16,000 3,060 3,000 3,000 2,900 2,600 1,800 1100
H112 0.250-0.499 - 11,060 7,000 - 2,700 2.600 2,400 2,000 1,800 1,600 1,000
K112 0.500-1.000 - 10,000 5,000 - 2,500 2,400 2,100 - 1,500 1,600 1,400 1,000
- Hiz 1.001-3.000 $,000 4,000 2200 2,100 1,900 1,700 1,400 1,000 800
- 5052 0 0.051-3.000 25,000 9,500 6,200 6,200 6,200 6,200 5,600 4,100 2,300
LI - H32 1 0.051-2.000 31,000 23,000 7,700 7,700 7,700 7,500 ‘6,100 4100 2,300
K34 0.031-1.000 34,000 26,000 8,500 8,500 8,500 8,400 6,100 4,100 2,300
H112 0.250-0.49% 28,000 16,000 7,000 7.000 7,000 .| . 7,000 6,100 | 4,100 2,300
L ‘H112 . 0.500-3.000 25,000 8,300 6,200 8,200 6,200 8,200 6,000 4,100 2,300
5456 1] 0.051-1.500 42,000 18,000 10,500 10,500
.0 1501-3.000 41,000 18,000 10,200 *10,200 .
H3zl 0.188-1.250 46,000 33,000 11,500 11,500
Hi21 1251-1.500 44,000 31,000 . 13,000 11,000 -
- HiZ1 1.501-3.000 41,000 29,000 10,200 1,200
Rods, Bars, end Shapes: A.S.M.E. Specification No. SB-221 ) )
_1060 0, H112 . All 8,500 2,500 1,600 1600 - 1,600 1,400 1,200 1,000 800
Drown Sesmless Tube: ASM.E. Specification SB-210 - ‘
1060 0, HI12 0.010-0.500 8.500 2,300 1800 - 1,600 1,600 1,400 1.200 1,060 800
e Hl4 | . 0.010-0.500 12,000 10,000 3,000 © 3,000 3,000 2,800 2,600 1,800 1100
Bolting Materials: A.S.M.E. Specificatian No. SB-211
20147 | - T6 ] 0.125-8.000 * 65,000 53,000 13,000 12,200 E1,600 | 10,400 7.200 4,400 3,000
able 6-59. Maximum Allowable Siréss Volues in Tension for High-cllo}' Steels* -
3 Valaes in pounds per square inch
Specified '
ASME minimum e
cification Nominal tensile For temperatures not exceeding °F.
No. Grade composition | streagth | -20 to 100 | 200 400 700 900 1000 1100 1200 1300 | 1400 | 1500
Pldte Steels : :
SA-240 18 Cr-8 Ni 75,000 I 18.700! 15,600 | 12,900 | 11,000 | 10,100 97_1,)0 gs00 | 6000 | 3,700 { 2,300 | 1400
SA-240 304L1 18 Cr-8 Ni 70,000. 5,600 13,300 | 10,600 9,300 ¥
5A-240 3108 “25 Cr-20 Ni 73,000 18,700 16,900 | 14,900 : 12,700 | 11,600 9.800 | 5000 2.500 700 300 200
SA-240 318 16 Cr-12 Ni- | 73,000 18,700 [16,100 | 13,300 | 11,300 | 10,800 | 10,600 | 10,300 | 7.400 | 4,100 | 2,200 | 1,700
) 2 Mo .
SA-MO ‘ 410 13 Cr 63,000 16.2C0 15,400 | 14,400 | 13,100 | 10,40G | 6,400 | 2,900 ; 1,000
pes and Tubes— Welded :
SA-249 TP304 18 Cr-8 Ni 75,000 15,900 13,300 | 11,000 | 12,000 | 11,500 | 10600 | 7,400 4,600 | 2,900 | 1,700 | 1.000
S_A-?.SB TP410 13 Cr 60,000 12,700 12,100 | 11,300 | 10,200
SA-193 B8 18 Cr-8 Ni 75,000 15,000 13,300 | 10,800 8.600 7,300 7,000 6,306 | 4,500 | 2,400 | 140071 750
$A-193 BB(410y | 13 Cr 110,000 20,000 19.000 | 17,700 | 16,100 | 11,000

st-weld heat treatment (usually stress relief) is required for some

Mbions, such as thick plate, low-temperature service, high car-

‘33-'!1::]& hxghly toxic contents. :

"&‘1 Code does not permit any welding to be done when the
- '15 below 0°F. Between 0° and 32°F., the metal adjacent to
veld must be heated to at least 60°F. hefore welding is started.

ﬁ.?:::‘:‘;en# that no welding be done when the surfaces are wet

Winds l:nl with jee, when snow is falling, or when exposed to high

o ess the work js adequately protected. Welding surfaces

be free of grease, dirt, and slag.

b ﬁ:ypes of welds used for most longitudinal and circumferential

_ lpf&mure vessels are shown in Fig. 6-138. Table 6-60 shows

© Welded joint efficiencies for the three welds shown in Fig.
eld efficiency is the matio of the allowable stress in the

The Code gives severa] sets of stress values dependent on specific conditions (see Code Table UHA-23).
80 Ib./sq. in. at 800°F,

e}

{a} ()

Fe. 6-138. Weld types: {¢) Double-welded butt joint, back.
chipped before welding second side. (b) Single-welded butt
joint, with backing strip which may or may not be removed.
{e) Single-welded butt joint, no backing strip {permitted only
for certain circemferential welds). '

2]



Structural Assessment of a Hazardous Waste Storage Tank
for Hukill Chemical Company

7 Tank Dike Svystem - Tanks V-114 thru V-614
Exhibit D-2

Summary of Minimum Tank Wall Measurements
Professional Service Industries, Inc.
Report No. 138-48041-001 - Dated June, 1994

V-114 V-214 V-314 V-414 V-514 V-614

PSI Report Sheet [3.2] [3.2] [3.3] [3.4] [3.4] [3.5]

Top 1 £225 266 265 267 265 253
Top 2 - 262 262 249 250 1242
Upper 1 1225 259 256 244 253 254
Upper 2 1238 266 266 262 252 250
Lower 1 276 297 286 276 274 272
Lower 2 252 293 282 282 270 281
Bottom 1 1260, 299 285 289 276 282
Bottom 2 (263] 293 271 280 276 292

i'__:[ = Critical Wall Thickness
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Professional Service Industries, Inc.

TESTED FOR:  Hukill Chemical Corporation PROJECT: Tank Wail Thickness Measurements
7013 Krick Road
Bedford, Ohioc 44146
DATE: June 1994 QUR REPORT NO.: 138-48041-001
Note: On Vertical tanks - 0°= North NORTH | NORTH | EAST | SOUTH | SOUTH | SOUTH | WEST | NORTE
On Horizontal tanks - 0*= Top EAST EAST WEST WEST
V-114 57-14F 0°/360° | 45° 50° 135° 180° 225° 270° 315°
N C & 25 TOP - 260 26 226 270 263 244 275 - 770
T UPPER | 240 225 244 239
\_.2__0__1_/ 250 239 238 246
2 LOWER: | 284 276 287 278
“""‘“-—E-i'-"’ 270 252 264 270
2| 1 BOTTOM | 282 260 278 267
B 264 268 278 263
&: On Vertical tanks - 0°= North NORTH | NORTH | EAST | SOUTH | SOUTH | SOUTH | WEST NORTE
On Horizoatal tanks - 0° = Top EAST EAST WEST | - WEST
V214 58-14F 0°/360° | 45° 90° 135° 180° 235° 270° 315°
TOP 271 274. 266
265 273 277 266 262
N =)
T UPPER 263 274 267 273 273 259 261
;_ 268 266 284
gl MIDDLE
L
LOWER 298 - 297 298 308
L ?Z 296 293 307 311
g | BOTTOM | 299 309 308 306
A 296 293 297 298
CONE

Respectfully submitted,
PROFESSIONAL SERVICE INDUSTRIES, INC.
C. Eubbuch

5555 Canal Road e Cleveland, OH 44125 ®

Phone: 216/447-1335

® Fax: 216/642-7008
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Professional Service Industries, Inc.

TESTED FOR: Hukill Chemical Corporation PROJECT: Tank Wall Thickness Measurements
7013 Krick Road
Bedford, Ohic 44146

DATE: June 1994 QUR REPORT NO.: 138-48041-001
Note: On Vertical tanks - 0°= North | NORTH | NORTH | EAST | SOUTH SOUTH | SOUTH | WEST | NORT
On Horizontal tanks - 0°= Top EAST EAST WEST WEST
V314 S59-14-F e 0°1360° | 45° on® 135° 180° n5° 270° 315°
TOP 265 270 280 207
E 280 262 269 2%6
N —T
) UPPER 256 280 230 303
T 1 281 278 266 269
2]
J 4 MIDDLE
2] LOWER 289 287 286 294
L"—“'\ 282 289 285 283
2
@ BOTTOM | 285 286 305 292
=3P 271 284 300 288
CONE
Note: On Vertical tanks - 0°= North NORTH | NORTH | EAST | SOUTH SOUTE | SOUTH | WEST | NOR
On Horizontzal tanks - 0°= Top EAST EAST WEST WES
13-15-M 0°/360° 45° -1 90° 135 180° 225° 270° 315°
5 é o TOP 251 249 258 | 254
T I UPPER 248 | 249 257 252
v MIDDLE | 247 253 252 253
\_}_'-1’_’/ LOWER | 250 257 246 248
\L’___,// BOTTOM | 387 : 386 379 379
8 CONE

- “Respectfully submitted,
- PROFESSIONAL SERVICE INDUSTRIES, INC.
C. Hubbuch

5555 Canal Read ® Clevetand, OH 44125 @ Phone: 216/447-1335 @ Fax: 216/642-7008
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Professional Service Industries, Inc.

TESTED FOR: Hukill Chemical Corporation PROJECT: - Tank Wall Thickness Measuremeats
2013 Krick Road .
Bedford, Ohio 44146
DATE: June 1994 OUR REPORT NO.: 138-43041-001
Notz: On Vertical tanks - 0°= North NORTH | NORTH | EAST | SOUTH | SOUTH | SOUTH | WEST NORT
On Horizontal tanks - 0°= Top EAST EAST WEST WES]
v-414  60-14-F 0°/360° | 45° 90° 135° 180* 225° 270% 315°
TOF 274 277 276 267
w 249 263 257 258
3 o
UPPER 269 267 276 244
T ;_ 270 262 286 263
g MIDDLE
2 LOWER | 292 298 276 276
Lié/ 285 282 293 282
]
- [ BOTTOM | 289 209 289 299
Q,:z_/ 282 280 297 280
CONE
Note: On Vertical tanks - 0°= North NORTH | NORTH | EAST | SOUTH SOUTH | SOUTH | WEST | NOR
On Horizontal tanks - 0°= Top EAST . | EAST WEST WES
V514 61-14-F 0°r360° | 45° 90° 135° 180° 225° 270° 315°
- TOP 274 265 270 268
254 250 256 252
s @ M
‘*T—-rj UPPER | 264 265 255 253
253 252 289 256
L 2 |4
U 1 MIDDLE
PR X
: LOWER | 238 274 276 283
Lo 270 281 298 274
L © L BOTTOM | 276 280 283 296
286 276 296 278
CONE
Respectfully submitted,

PROFESSIONAL SERVICE INDUSTRIES, INC.

C. Hubbuch

5555 Canal Road  °  Cleveland, OH 44125

e Phone: 216/447-1335

Fax: 216/642-7008



Professional Service industries, inc.

PROFESSIONAL SER

C. Hubbuch

VICE INDUSTRIES, INC.

5555 Canal Road

e Cleveland, OH 44125 ®

Phone: 216/447-1335

Fax: 216/642-7008

TESTED FOR: Hukill Chemical Corporation PROJECT: Tapk Wall Thickness Measurements
7013 Krick Road
Redford, Ohio 44146
DATE: June 1994 OUR REPORT NO.:  138-48041-001
Note: On Vertical tanks - 0°= North NORTH | NORTH | EAST | SOUTH | SOUTH SOUTH | WEST | NORTE
On Hordzontal tanks - 8°= Top EAST EAST WEST WEST
S3156-CL  LaosF Feed Task | 056 45° 90° 135° 180° n5° 270° 315°
/__i__\ TOP _ 263 268 258 262
e E o 267 272 258 261
4
T UPPER
2
TR MIDDLE
‘ .
B by LOWER
N " BOTTOM | 269 265 265 267
- 268 266 256 259
CONE 250 252 257 251
Note: On Vertical tanks - 0°= North NORTH | NORTH | EAST | SOUTH | SOUTH SOUTH | WEST | NORT
On Horizontal tanks - 0°= Tap EAST EAST | WEST WEST
V614 62-14-F 0°r360° | 45° 90° 135° 180° 225° 270° 315°
TOP 256 276 270 253
W 243 242 249 243
5 O.E UPPER | 266 264 262 254
T4 260 252 258 250
\-‘____L./
2 LOWER | 287 282 274 772
. 289 284 285 281
2
L_E’_‘/ BOTTOM | 287 284 283 282
2 304 292 298 295
CONE
Respectfully submitted,

!
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Hukill Chemical Corporation PROJECT:

Professional Service Industries, Inc.

5555 Canal Road

® Cleveland, OH 44125 ® Phone: 216/447-1335 e Fax: 216/642-7008

TESTED FOR: Tank Wall Thickness Measurements
7013 Krick Road
Bedford, Qhic 44146
DATE: Jupe 1994 OUR REPORT NO.:  13848041-001
Note: On Vertical tanks - 0°= North NORTH | NORTH | EAST | SOUTH | SOUTH | SOUTH | WEST | NORT:
On Horizontal tanks - 0°= Top EAST EAST WEST WEST
 V-120 SS 56-20-CL 0°/360° | 45° 90° 135° 180° 225° 270° 315°
s @ | TOP 207 202 213 202
T UPPER 212 211 210 208
N—
J MIDDLE | 217 203 ' 210 212
\...*______‘/
) LOWER | 204 204 202 206
“‘\_____.,--‘
3 BOTTOM | 208 205 205 214
v
B J CONE
Note: On Vertical tanks - 0° = North NORTH | NORTH | EAST | SOUTH | SOUTH | SOUTH | WEST | NORTE
On Horizoatal tagks - 0°= Tap EAST EAST WEST WEST
1500 Cone  75-1.5-F 0°/360° | 45° 90° 135° 180° 225° 270° 315°
N TOP 170 160 169 176
S E SN
UPPER
T MIDDLE
\__‘_____‘_.—-
LOWER
B :
v BOTTOM | 146 142 145 152
CONE 151 128 130 117
Respectfully submitted,
- PROFESSIONAL SERVICE INDUSTRIES, INC.
C. Hubbuch



Professional Service Industries, Inc.

" TESTED FOR: Bukill Chemical Corporation PROJECT: Tank Wzll Thickness Measurements
7013 Krick Road .
Bedford, Ohic 44146

DATE: A Jupe 1994 o OUR REPORT NO.: 138-48041-001
Note: On Vertical tanks - 0°= North NORTH | NORTH | EAST | SOUTH | SOUTH | SOUTH | WEST | NOR".
Ou Horizontal tanks - 0°= Top | EaAST EAST ) WEST WEST
4000 Cone 76-4-CL ' 0°/360° | 45° 50° 135° 180° 225° 270° 315°
/___\f.";_\ TOP 245 237 , 244 242
S K E o~ 242 240 223 224
1. UPPER
T MIDDLE
2. LOWER
BOTTOM ' ,
- CONE 282 ' | 324 324 323
329 320 340 324
Respectfully submitted, )
_ PROFESSIONAL SERVICE INDUSTIRIES, INC.
C. Hubbuch

5555 Canal Road e Cleveland, OM 44125 ® Phone: 216/447-1335 e Fax: 216/642-7008



Professional Service industries, Inc.

TESTED FOR: Hukiili Chemical Corporation PROJECT: Tank Wall Thickness Measurements
7013 Krick Road
Bedford, Ohio 44146
DATE: June 1994 OUR REPORT NO.: _ 138-48041-001
Note: On Vertical tanks - 0°= North NORTH | NORTH | EAST | SOUTH { SOUTH | SOUTH | WEST } NORT
On Horizontal tanks - 0°= Top EAST EAST WEST WEST
V117 55-16-CL 0°/360° | 45° 90° 135° 180° 225° 270° 315°
w TOP 214 21 220 211
S C:g: o 234 235 224 228
T . UPPER | 233 246 236 248
2
\‘U—,""‘ ' 248 250 252 249
2
Pyl MIDDLE
2
~——] LOWER | 249 258 254 250
251 254 256 244
BOTTOM | 251 250 247 249
248 251 249 252
CONE 244 250 |2 248
242 260 267 252
Note: On Vertical tanks - 0°= North NORTH | NORTH | EAST | SOUTH | SOUTH | SOUTH | WEST NOR:
Or Horizontal tanks - 0°= Top EAST EAST WEST WES™
52-5.6-CL  Wes? faed Task 0°r360° | 45° 90° 135° 180° 225° 270° 315*
/_,_}‘_"'____\ TOP 263 | 268 256 770
S( £ N 258 265 260 268
b UPPER
T MIDDLE
2. LOWER
N T BOTTOM | 260 262 262 260
257 257 257 254
CONE 263 253 250 265

Respectfully submitted, _
PROFESSIONAL SERVICE INDUSTRIES, INC.
C. Hubbuch

5555 Canal Road & Cleveland, ®H 44125 o Phone: 216/447-1335 e Fax: 216/642-T008



Professional Service Industries, inc.

TESTED FOR:  Hukill Chemical Corporation PROJECT: Tank Wall Thickness Measurements
7013 Krick Road -
Bedford, Chio 44146 ) )
DATE: Juse 1994 OUR REPORT NO.:  138-48041-001
Note: On Vertical tanks - 0°= North NORTH | NORTH | EAST | SOUTH | SOUTH | SOUTH | WEST | NORT
On Horizontal tanks - 0°= Top EAST EAST WEST WEST
V-6000-C  16-6-M o°r360° | 45° 90° 135° 180° 225° - | 270° 315°
TOP 262 258 240 268
STy W 256 266 238 243
UPPER
MIDDLE
3. LOWER
2 BOTTOM
= CONE 256 248 250 240
i 252 249 252 250
Note: On Vertical tanks - 0°= North NORTH | NORTH | EAST | SOUTH | SOUTH | SOUTH | WEST |} NOR
On Horizontal tanks - 0°= Top EAST EAST WEST WES™
V-110M  15-10-M ———— | 0°/360° | 45° 50° 135° 180° 5 | 270° 315°
SC W >y | TOP [258] 267 [258] 276
+° UPPER | 271 271 267] 270
n._________—_____"
U MIDDLE
P ] -
N LOWER | 263 260 270 250
*—-—‘5—_———-’ BOTTIOM | 272 268] 286 290
e’ CONE

Respectfully submitted,
PROFESSIONAL SERVICE INDUSTRIES, INC.
C. Hubbuch

5555 Canal Road @ Cleveland, OH 44125

e Phone: 216/447-1335

Fax: 216/642-7008



Professional Service Industries, Inc.

TESTED FOR: Hukill Chemical Corporation PROJECT: Tank Wall Thickness Measurements
7013 Krick Rosd
Bedford, Ohio 44146
DATE: June 1994 OUR REPORT NO.:  138-48041-001
Nete: On Vertical tanks « 0°= North NORTH | NORTH | EAST | SOUTH | SOUTH SOUTH | WEST | NORTI
On Horizontal tanks - 0°= Top EAST EAST WEST WEST
v210-M  14-10-M 0°/360° | 45° g0° | 135° 180° 225 | 270° | 315°
N TOP" | 245 251 261 257
S & E fN 240 249 250 242
T 2 UPPER
b MIDDLE
B LOWER
v BOTTOM | 264 255 265 259
— CONE 310 323 318 322
% | 313 311 296 . 325

Respectfully submitted,

PROFESSIONAL SER

C. Hubbuch

VICE INDUSTRIES, INC.

5555 Canal Road e Cleveland, OH 441235 ®

Phone: 216/447-1335

Fax: 216/642-7008
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Summary of Minimum Tank Wall Measurements

Structural Assessment of a Hazardous Waste Storage Tank

for Hukill Chemical Company

4 x 3M Feed Tank System - Tanks 8-3-F thru 11-3-F

Exhibit D-7

Professional Service Industries, Inc.
Report No. 138-48041-004 - Dated September 22, 1995

8-3-F 9.3-F
PSI Report Sheet [3.14] [3.12]
Top 1 165 167
Top 2 | '154] 165
Bottom 1 (151 168
Bottom 2 157 167
Cone 227 225

[ 1 = Critical Wall Thickness

—
.
1
lIJJ
"T]

[3.13]
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= Environmental
p.sf Geotechnical
Consitruction

Censulfing - Engineering © Testing

TESTED FOR: Hukill Chemical Corporaticn PROJECT: Tank Wall Thickness Measurements
7013 Krick Road :
Bedford, Ohio 44146

DATE: September 22, 1995 OUR REPORT NO.:  138-48041-004
Note: On Vertical tanks - 0°= North NORTH | NORTH | EAST | SOUTH | SOUTH | SOUTH |-WEST | NORTH
On Horizontal tanks - 0°= Top : EAST EAST WEST WEST
10-3-F | 0°/360° | 45° 90° 135° 180° 2259 270° 315°
A TOP 160 158 158 157
SF E K 159 168 162 157
|3
. UPPER
-
L MIDDLE
g b LOWER
2.
BOTTOM | 158 170 160 161
"""'-‘%“:-"7 162 170 166 163
o CONE 238 240 239 239
Note: On Vertical tanks - 0°= North NORTH | NORTH | EAST | SOUTH | SOUTH | SOUTH | WEST | NORTH
On Horizontal tanks - 0°= Top EAST EAST WEST WEST
9-3-F 0°/360° | 45° 90° 135° 180° 225° 270° 315°
W TOP 168 169 167 172
s < :>'N 165 166 170 169
. UPPER '
3 MIDDLE
\,__/
LOWER
B t
2 BOTTOM | 169 170 168 : 170
et 169 168 170 167
_ & Lt cone 232 | a22s 232 230

Respectiully submitted,
PROFESSIONAL SERVICE INDUSTRIES, INC.
L. Mach

PS! « 5555 Canal Road = Cleveland. OH 44125 = Phone 216/447-1335 » Fax 216/642-7008

317



g ] Environmental
Geotechnical

Construction
Consulting « Engineering * Testing

TESTED FOR: Hukill Chemical Corporation

7013 Krick Road
Bedford, Obio 44146

PROJECT:

Tank Wall Thickness Measurements

DATE: September 22, 1995 OUR REPORT NO.:  138-48041-004
Note: On Vertical tanks - 0°= North NORTH | NORTH | EAST | SOUTH | SOUTH | SOUTH | WEST | NORTH’
On Horizontal tanks - 0°= Top EAST EAST WEST WEST
11-3-F 0°/360° | 45° 90° 135° 180° 225° 270° 315°
B W TOP 159 151 154 156
s E S\ 160 160 160 165
L UPPER
T
P MIDDLE
I\_______/
1 LOWER
B -
P BOTTOM | 156 159 164 172
R 151 156 157 166
C
| CONE 226 225 227 224

Respectfully submitted,
PROFESSIONAL SERVICE INDUSTRIES, INC.

L. Mach

PS$l e 5555 Canal Road = Cleveland, OH 44125 « Phone 216/447-1335 « Fax 216/642-7008
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Construction
Oonsul’tmg Engineering © Testing

TESTED FOR: Hukill Chemical Corporation PROJECT: Tank Wall Thickness Measurements
7013 Krick Road
Bedford, Ohio 44146

DATE: September 22, 1995 OUR REPORT NO.: 138-48041-004

Note: On Vertical tanks - 0° = North NORTH | NORTH | EAST | SOUTH | SOUTH | SOUTH | WEST | NORTH
On Horizontal tanks - 0°= Top EAST EAST WEST WEST
8.3.F 0°/360° | 45° 90° | 135° 180° | 2250 | 270° | 315°
W TOP 169 165 168 173
SF £ | 154 155 167 155
: ‘
: UPPER
T .
L | MIDDLE
L. LOWER
Bl
- BOTTOM | 157 165 156 151
S~ 161 157 161 165
o CONE 227 231 237 249
Hockmeyer Mixer NORTH | NORTH | EAST | SOUTH | SOUTH | SOUTH | WEST | NORTH
EAST EAST WEST WEST
0°/360° | 45° 90° | 135° 180° | 225° |270° | 315°
TOP 248 249 249 248
244 247 n/a 251
UPPER
MIDDLE
LOWER
BOTTOM | 243 250 258 243
CONE | 254 257

Respectfully submitied,
PROFESSIONAL SERVICE INDUSTRIES, INC.
L. Mach

PS5t « 5555 Canal Road » Cleveland. OH 44125 » Phone 216/447-1335 « Fax 216/642-7008

)



SPENT TANK #1786

WEST CENTER .. EAST
|
! )
6
1 l 2 3 5 3 i
| }
l |
! ] i
| [
i l l
1 1
7
6 |
5
NORTHEAST SOUTHEAST
1 2 3 4 5 6
1.  .601 .594 .598 .59% .608 612
2. .607 .608 612 .613 616 .608
3. .568 552 .559 .539 .529 547
4.  .581 .593 .553 .563 .575 .584
5.  .591 .598 .594 576 .580 .586
6. .576 .578 576 .568 571 .582
7. .547 .533 534 .525 526 .535



18 Mathematics

Ay =0} Jo+y+ntR+ ..o Il
. (Trapezoidal Rule)
Ap =hoa(Hm+¥) +1im T Fu) R+ - - + Fneal
(Durand’s Rule)

Ay =3bh[Fo+ ¥ a4t .o AVl F2@TRt - el
(Simpson’s Ritle, where n is even).

The larger the value of n, the greater is the accuracy of approximation.
In general, for the same number of chords, A gives the most accurate, Aq,
the least accurate approximation.

51 Cube ) ‘\H\
V=za d= m/E. ) ‘ \\
Total surface = 6 a2 ‘ N— -:

' Fic. 31

52 Rectangular Parallelopiped === 1
Vowabe; d = Va £ 52+ . : iy
Total surface = 2 {ab + be +ca). & o

Fe. 52.

53 Prism or Cylinder

YV = (area of base) X (altitude).
Lateral area = (perimeter of right
section) X (lateral edge).

o
(7]
v

54 Pyramid or Cone
V = } (arez of base} X (altitude).
Lateral area of regular figure =
3} (perimeter of base} X (slant
height).

=
e mm e it e — 3]

)
¥
[}

!

: ’ F16. 34.
65 Frustum of Pyramid or Cone

V=3 +A+ VA XA,
" where A, and A; are areas of bases, and
b is altitude.

Lateral area of regular figure =
% (sum of perimeters of bases) X (slant .
height), - ‘ . FwG. 35.

b —— - ——]




16 P Mathematics

43 Trapezium (no sides parallel)
A = } (aly + bhy) = sum of areas of 2 triangles.

' . all sides equal
44 Repular Polygon of n Szdes { all angles equal}

B==n;2 180° = ——2 & radians.
'u.=360 =27 radians.
n n
n a r R A
312t V3=RV; ltav3 |{jaVvi jarv3 =32v3
- =R V3
t2r=RV2 ta 1a vz a2 =41 = 2R:
6j3rv3-R  4evy |e pev;  =aevi
_ =iR* V3
8fzr (V2 — 1) }a(Vz+1)laVat2 Va2 a2 (VZ + 1) =822 (Vz—1)
= 2 — V2 ' =2R*V2
nzrtang' -a-cotg' Ecscg n_azcotg =1:Lt=tang'
2 272 2 2 4 2 z
. & nR? .
=2Rsin—~ = —Sina
2 2
. C = circumference . e
— 45 Circle  — ; - T Ry
a = central angle in radians .
C==D=2%R. . \\\3; ,R/
Do d 1 T
e w = =1 e T
¢ =Ra = 3 Da chs B Dta.ulzd
l1=2VR—@ =2Rsin- =2dtan> = 2d tan
2 2 D Fic. 45.
d=gv’4R=—12=;,WD1-12chos;—‘=;1cot§°=§1cot§-
h=R-d . .
-1 d 1 . T
] — —1— = Tl .
e =5 ) 2cos-1R .2tan zd 2smlD

Aeircle) = 7R? = 3 =D2 = } RC = 1 DC.
Afsector) = § Rc = 1 R?q = } D%,

(=]



Trigonometry . .13

32 Properties of Plane Triangles

" Notation. a, B, ¥ = angles; a; 'l:s; ¢ = sides.
A = area; by =altitude onb; s = 3{a+b+¢€).
r = radius of inscribed circle; B = radius of cir-
] cumscribed circle. '
e + B +¥ = 180° = w radians
a b c
S " =B sy
a-4b =mi‘(“+‘ﬁ),a
a~-b tani(c—§)
a?=b*+c?—2becose* a=beosy+ceosf*
bifc?—af

Fro. 32.

cose = ————, sinm=%'\/s(s-——a)(s—b)(s—c}.’
sm§= (s——b})“(:s-—c),,, cos—:-"-—-‘ /s (sb:a)’*

a 4fs—b{s—¢ r *
tan 2 = s(s—a s-—a

by =csine* =gasiny* =§‘_\/s(s —8)(s — Bi(s — €%

(IR L
a * abe

R~ "1a

! z oy . E
A = 3bhs* =3 ebsiny* =§—5§-‘ls;‘i% =V5E—a)(s — D) =& =18

——pu= 33 Solution of the Right Triangle

Given any two sides, or one side and any acute angle, &, to find the re-
maining parts.
. a b
sine ==, cosa ==,

. ¢
& = Vv(L+b}{c—b) =csine =btana. -
b=+({c+a)ic—a) =ccosa =

tana =%, B =gc®°—a.

tan a
et =P L VvETER
sina c¢osa
a? bitane . e’sinze
= = = = e F . .
A=tab z2tana 2 4 16. 33

* Two more formulas may be obtained by replacing a by b, bby ¢, ¢ by s,
eby B Bbyy,ybye. ' :

[]



18 Mathematics

A =h[i Gty +H T+ --- + ¥l
- (Trapezoidal Rule)
Ap=h[04 T+ +LITM + I} F R+ ¥+ - o o T Tl
(Durand’s Rule)

As =3R{(Fo+Tn) F4m T+ . TV} F2@tTE - o+ )]
(Simpson’s Rule, where nis even).

The larger the velue of m, the greater is the accuracy of approximation.
Iz general, for the same number of chords, As gives the most accurate, Ar,
the least accurate approximation.

51 Cube : \f{
Ve=a¥ d= av3. ) ‘ \
Total surface = 6 2% 4

i - bt !
Fie. 5I.

52 Rectangular Parallelopiped
V =abe; d = Vat + b4
Total surface = 2 (ab + be + ca).

g

- .

o et s e L -———»‘(

Fw. sz.

53 Prism or Cylinder

V = (area of base} X (altitude).
Lateral area = (perimeter of right
section) X {lateral edge).

e — e —— Y

F16. 53.

B4 Pyramid or Cone

V¥ = } {area of base} X (altitude).
Lateral area of regular figure =
(perimeter of base) X (slant

e — - — v ——

55 Frustum of Pyramid or Cone
Vo= (A A+ VA XAk,

where A, and A;are areas of bases, and
b is altitude.

Lateral area of regular figure ==
1 (sum of perimeters of bases) X (slant .
height}). - . FiG. 55.

Fic. 54.

e eom s m =

(7]



1-111

WEIGHT OF RECTANGULAR SECTIONS
Pounds per linear foot
Width Thickness, Inches
N [ Sha | % | %e | % | e | % | %e i % el % [Pha] 7 {'%s| 1
v | 018 | 0.21] 027] 0.32| 0.37] 043| 048} 0.53; 058 0.64| 069 0.74| 0.80{ 085
v, | 032 | 043| 0531 064| 0.74] 085| 096] 1.06] 1.17| 1.28] 1.38] 149 1.60| 1.70
% |048 | oed| 0gol oos| 1121 1.28| 1.44] 1.60; 1.75] 191 207] 2.23| 238| 235
1 |064| 0.85| 1.06] 1.28| 149 170| 191| 2.13| 234| 255 276] 298| 319 340
11 losol| 108] 1.33] 160| 1.88| 213} 239| 2.66| 292| 2.19] 346| 372| 399 425
1% | 096 | 1.28] 1.60] 191 223 256} 287| 3.19| 3.5t | 383y 4.15| 4.47| 4791 510
1% [ 112 | 14e| 186 223 261| 208! 335| 3.72| 4.09| 447] 484 521| 558| 595
2 128 | 170 243] 255 2.98| 340} 3.83| 4.25| 468| 5.10) 553| 595 6.38{ 6.81
oy, | 144 | 1.91| 2.39| 287 3.35| 3.83] 4.31| 4.7%] 526} 5.74| 622| 6.70{ 7.18| 7.66
o, | 180 | 213| 266| 3.18| a72| 425 479| 532! 585 6.38] 6.91| 7.44] 7.96] 851
23, | 1.75 | 234 292| 3.51| 4.09| 468 5.26( 5.88| 643| 7.02| 760| B.49{ 877! 9.38
3 191 | 255| 3.19| 3.83| 4.47| 510} 574 6.38] 7.02| 7.66| 829| BO3| 957 (102
3y, | 207 | 276| 348| 415| 484| 553] 622| 6.91| 7.60| 820| 899| 9s8[104 |11
9% | 223 | 298| 372| 447| 5.21| 595| 6.70| 7.44| B.19| 893 | 868|104 1.2 | 119
9% | 2391 3.19| 399| 479| 5.58| 6.38| 718 798} 8.77| 957|104 112 [i2D 12.8
4 285 | 3.40| 425| 5.30| 5.95| 6.81] 766| B.51| 936(10.2 [11.1 [11.8 [12B | 136
4y, | 271 | 362| 452| 5.42| 633 7.23| 813] 9.04| 9.94 1108 |11.8 [127 [136 [ 145
4v, | 287 | 383| 479| 574| 6.70| 7.66| 8.61] 9.57{10.5 |[11.5 (124 [134 |144 | 153
4% | 3031 4.04| 5.05| 6.06| 7.07| 808 208{101 |11.1 (121 [13.1 j14.1 (162 | 162
5 3.19 | 425| 8.32| 6.38( 7.44| 851 957(10.6 |11.7 }128 [13.8 }142 (160 | 17.0
57 | 335 447| 558 6701 7.82| B893[10.0 (112 123 {134 (145 [156 |167 [ 178
51, | 3511 468[ 5.85| 702 818 936(105 |11.7 (129 {140 [152 |[164 17.5 | 187
5% | 367 | 489 6.11| 734 855| 9.78(11.0 122 |13.5 |14.7 [158 [17.1 |183 | 196
6 3831 5.10i 6.238] 7.66] 893]102 |11.5 |12.8 |140 [153 (166 {179 |19.1 | 204
v | 399 532! 6.65] 798| 9.30{106 {120 [13.3 (146 [160 [{7.3 |186 |199 | 213
6% | 415 [ 553! 6.91| 829} 9.68{11.1 {124 [13.8 (152 |166 |18.0 |19.4 [20.7 | 22.1
8% | 4311 574! 7.18| 851{10.0 {115 (129 [144 (158 |[17.2 |187 (201 [21.5 | 23.0
7 447 1 5951 7.44] 893[104 {119 {134 |149 |164 [17.9 [3194 (208 j223 | 238
7V, (4683 ) 6171 7.71] 9.25[10.8 {123 |139 |154 (17.0 [185 [20.0 |21.6 |23.1 | 24.7
7% | 4791 6383 7.598] 9571112 {128 {144 |[16.0 |175 |19.1 [20.7 (223 {239 | 255
7% | 404 ] 6531 B824] 9.89(11.5 {132 148 [165 181 [19.8 [21.4 [231 {247 | 264
B8 510 | 6811 8511102 (118 }136 [153 |17.0 1187 |204 (221 (238 {255 |27.2
8% | 542 | 7.23| 9.04(10.8 {127 [145 |1623 181 [199 |21.7 [23.5 |253 {271 [ 289
9 §74 | 766 9.57]11.8 [13.4 (153 [17.2 |12.1 {211 |23.0 |249 (268 128.7 | 306
9% | 606 | 8.08110.1 (121 {141 |16.2 [18.2 (202 {222 |24.2 [26.3 |28.3 {303 (323
10 6381 8511106 |128 [149 |17.0 |191 [21.3 |234 |255 [27.6 |29.8 1319 | 340
10% | 6.70 1 892:11.2 134 {156 [17.9 |20.1 |223 (246 |26.8 {29.0 |31.3 {335 | 357
1 7021 9361117 j14.0 {164 {187 [21.1 |23.4 |25.7 |28.% [30.4 (328 {351 |374
M% | 7.34 ¢ 9781122 {147 117.1 196 {220 |245 |26.9 |29.3 |318 (342 1367 | 391
12 7.68 i 10.2 ‘E_S_ 1_§_3_ 17.8 1204 (230 g§_5 28.1 S_Q.E 33.2 [35.7 {383 iO_B

AmMERICAN INsTITUTE OF STEEL CONSTRUCTION

X



RYERSON 217

i STAINLESS SHEETS

} 304, 304L and Nitronic™ 30
i Cold Rolled, Annealed and Pickled.
Finishes: 2B, #3 and #4 ~~ -
304: ASTM A240, ASME SAZ40, QQS 766, MIL-S 5059, and
AMS 5513
304L: ASTM A240, ASME SA24C, QS 766, and AMS 5511
Nitronic 30: ASTM A240, AG666

Sizes in Stock

Est. Est.
Gauge & Thickness Wt per Wt per )
Size in ‘in Sq. Ft.  Sheet Nitrenic
Inches Inches inlbs. inths. 304 304L 30
7...365x120 ..|.1874 .. 7871} ..2361 .. X . "
8x120 |g74 7871 3148 X X e
48 x 144 1874 7871 37738 X X o
60x 120 1874 7.871 3836 X X )
60x144 | 1874 78Tl 4723 X X
8 ...36x120 .. 650 ...6.930 ..2079 .. X ..... .
48 x 120 .1650 6,930 277.2 X X
48 x 144 1630 6.930 3326 X
60 x 120 1680 6,930 3465 X
60 x 144 1650 6.930 415.8 X
72 x120 1650 6.930 4158 X
10....36x 96 .. .1350 ...5670 ..1361 .. X .
36x120 1350 5.670 170.1 X
36x 144 1350 5.670 204.1 X
42x120 1350 5.670 198.5 X
48 x 96 1350 5.670 181.4 X ..
48 x 120 1350 5.670 2268 X X X
48 x 144 1350 5670 272.2 X X
48 x 240 1350 5.670 453.6 X
B0x 96 1350 5670 226.8 X ..
60 x 120 1350 5.670 2835 X X
60 x 144 1350 5,670 340.2 X
60 x 240 1350 5.670 567.0 X
72x120 .1350 5.670 340.2 X
72x 144 1350 5.670 408.2 X
1....36% 96 .. 1200 ...5.040 . .1210 .. X .
36x120 1200 5.040 151.2 X
36 x 144 1200 5.040 181.4 X
42 x 120 1200 5.040 176.4 X
48 x 96 1200 5.040 161.3 X ..
48 x120 1200 5.040 201.6 X X X
48 x 144 1200 5.040 2418 X
B0 x 96 1200 5.040 201.6 X ..
50 x 120 1200 5.040 2520 X X
60 x 144 1200 5.040 302.4 X
72x120 1200 5.040 3024 X
72x144 1200 5.04G 3628 X .. ..
{Continued)}

'Also stocked as BA.

b



BOLTS, THREADED PARTS AND RIVETS
‘Shear N
Allowable load in kips

TABLE I-D. SHEAR

] Mominal Diamater 4, in.
ASTM Cont | e | F, Jioas-| % [ % [ % [ 1 [iTaith] 1%
D:?g- ;chc;r: Type® ] ksi | in Area (Based on Nominal Clameter) in.?

naton P 3068 | 4418 | 5013 | 7854 | 9940 | 1.227 | 1.485 | 1.757
AS07 T TSTD 100 ] S | 31 | 44 [ B0 | 7.9 | 99 123 | 14.8] 177
NSL D | 61 | 88 {120 {167 | 199 245 | 297| 353
STD| 70| S | 522| 751|102 |134 | 169 ] 208 | 25.2] 300

. D |10 [150 {204 |267 | 333|417 | 505] €01

© | SC.TGVS, [ 150 | S | 460| 663f 902|118 | 149 | 184 | 223| 265

Class

2% | ssL D | 920|133 {18.0 {236 | 29.8 | 36.8 | 44.6{ E3.0

P LSL 120 | S | 3.68] 530] 7.22| 942 11.8 | 147 | 17.8] 21.2
D | 736|106 t144 |188 | 239 | 294 | 356 424

N | 8TD,| 2:0| S | 64 | 9.3 |126 |165 | 209 | 258 | 3i.2] a7.1
NSL D |129 |88 j25.3 |330 | 417 | 515 | 62.4] 742

2 X |sm.|a00 | § [ 92 [133 {180 [286 | 298|368 | 445 530
] NSL D |184 |26 {361 |47.1 [ 596 | 736 | 89111060
' STD | 210 | S |- 6.44| S28{126 |16.5 | 209 | 25.8 | 31.2] 87.1
. D |12 [186 {253 |30 {417 | 515 | 624} 742

Cs,gss OVS, | 180 | S | 552] 795168 [14.1 | 17.8 | 221 | 267} 31.8
a5 | ssL D |110 [159 |21€ |283 | 358 | 442 | 53.5] 638
490 LSL | 150 | S | 260| 663] S02[11.8 | 14.9 | 184 | 22.3] 265

D | 920|133 |18 1236 | 298| 368 | 446{ 530

N | STD, | 280 | S | 88 |124 |168 |220 | 27.8 | 344 | 416] 49.5

NSL, D l172 |24.7 |a37 {440 | 557 | 887 | 832| 990

X | STD, | 400 | S 123 [17.7 |24.1 [31.4 | 398 | 49.1 | 58.4| 70.7

NSL D |245 |353 |481 |e28 | 795 | e82 [112.0|141.0

AED2-1 — | STD 11781 S | 54 |L024|105 |137 { 174|215 | 260( 308

2 ==-1 D 107 |18 |210 |275 1348|429 | 520/ 618
2 | As022 SO |20l S |67 97 [132 |17.3 ! 218 270 | 227| 38.9
AS02-3 D 1135 {194 |265 |346 1437|540 653| 77.7
A3E N | STD| 98| S | 30| 44 | 60 | 7.8 1 98| 121 147 175
{F,=58 ksi) D | &1 |87 |119 156 | 197 | 245 | 20.4] 350
X | STD | 128 | S | 89 | 57 | 7.7 |101 | 127 | 157 | 19.0| 228
2 D | 78 [11.3 {154 |201 | 254 | 314 | 380] 45.2
& [ AB72, Gr. 50 N | 5TD|111] & | 24| 48 | 67 | &7 | 11.0| 136 | 165] 196
T | (F,=85 ksi) D | 68 | 98 |133 [17.4 | 2211 | 272 | =a0| 292
g X [ S0 ] 43| S | 44 | 62 | BE [112 | 1421 175 21.2] 253
8 D | 88 126 [172 225 | 284 ] 351 | 425| =05
F [ Asea N | S/D|-118| 8 | 37 | 52 | 72 | 82 | 11.8] 146 | 17.7] 21.0
{F,=70 ksi) D | 73 |05 |143 {187 | 237 ) 292 | 35.3] 421
X | SID| 15641 S | #7 | 68 | 93 [121 | 153 | 188 | 229] 27.2
D | 94 [136 |185 1242 | 306! ar8 | 4571 544

*SC = Siip critical connection. .

N: Bearing-type connection with threads included in shear plane.

X: Bearing-type connection with threads excluded from shear plane.
%STD: Standard round holes (d + Vs in.) OVS: Oversize tound holes

LSL: Long-siotted holes SSL: Short-siotted holes

NSL: Long-or short-siotted hole normal to load direction

{required in bearing-type connection).

©S: Single shear D: Double shear.
For threaded parts of materials not listed, use F, = 0.17F, when threads are included in a shear
piane, and F, = 0.22F, when threads are exciuded from a shear plane.
To fuity pratension baits 1%-in. dia. and greater, special impact wrenches may be reguired.
When bearing-type connections used to spiica tension members have a fastenar pattern whose length,
measured parallel to the line of farce, exceeds 50 in., tabulated values shall be reduced by 20%. See
AISC ASD Commentary Sect. J3.4.

Anerican INSTITUTE oF STEEL CONSTRUCTION



Structural Assessment of a Hazafdous Waste Storage Tank

for Hukill Chemical Company
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23-2 STEEL TANES

Since tanks must be tested with water, a specific gravity g less than 1 is not recom-

mended for design purposes.

2. Shell Design. The shell plate is made up of one or mere horizontal plate

courses of width w (usuzlly about

8 ft). Several plates may be reguired to make up

each course. The verticzl seams are staggered relative to the vertical seams in
adjacent plate courses. Tank shells are cylindrical membranes designed to resist
hoop tension (Fig. 1). Plate thickness is caleulated at the bottom edge of each course.

T, = 2.60hDg (3
T» 2.60hDg .
Iy & e B e———
£x 7B 7E (4}

where T = shell tension, 1b per in., at de;ﬁth h
k = depth from top of tank, ft

E = joint efficiency factor

f = allowable unit siress, psi
i, = shell plate thickness, in.
For welded construction, £ varies from 0.35 to 1.0 depending on the type of joint

0
e}

-
él Ok
F’h"'i"“ ] ¥
=]

T Tn
A
E .
Fic. 1

used and the required welding-inspection proece-
dure. Lap-welded joints, where used, are based on
fillet welds the full thickness of the plates joined.
Lap welds in tank bottoms acd roof plates not in
contact with water are single-lap-welded from the
top side only. Lap welds in roofs and shell plates
in contact with water are double-lap-welded.
The joint efficiencies specified in Table 1 are
based on nominal inspection of the weldizg. The
owner may specify full magnafuxing in addition to
nominal imspection. Only full-penstration butt-
welded joints are permitted at joint efficiencies
greater than 0.75, and the joint efficiency may
exceed 0.85 only when rigid inspection {extended
radiographic examination) is provided. Partial-
penetraticn butt welds zre permissible only in
tank shell joints subjected to secondary stress,
such as horizontal seams, for which the direct
vertical stress is usually negligible. However,
when heavy vertical loads zre supported by the

shell, the vertical stress is considered to be a principal stress and the horizontal seams
require full-penetration butt welding.

Table 1. Efficiencies of Welded Joints

Type of welded joint

E Remarks

Binglé lap.................
Doublelap.........ooov..
Partial-penetration butt (33
Partial-penetration butt (34

Full-peretration butt.......ocovvvu. ...

Full-penetration butt.......

........... -0.35 | Continuous welds
........... Q.75 | Continuous welds
min)....... Tension joints
min},......] 1.00 {Compression joints
0.85 | Tension joiats
........... 1.00 Compression joints

3. Bottom Plates. The flat bottoms in reservoirs are usually grade-supported,
the liquid load on the top side being resisted by an equal upward foundation soil
pressure. Steel bottoms usually heve a minimum thickness of !4 in. The plates

are lap-welded to each other top

side oniy for liguid tightness (Fig. 2). Figure 3

shows the simple detail required for connecting the bottom to the tank shell.
Support of relatively light shells requires no special comsideration. When the

L
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23-10 STEEL TANEKS

of the biaxial stresses can be determined by statics. The upward hydrostaiic pres-
sure on & horizontal piane at the distance % below the high-water line will be balanced
by 2 system of meridional membrane stresses T» (Fig. 18). Thus

- +haD't /4 ~ W,

T
2 +D’ cos 8

(24)

where D’ = diameter of membrane 2t cut section
+ = density of product stored )
The weight of the metal should be included in the determinstion of T..
To determine the other (Iatitudinal) membrane stress T, equilibrium of T; and T.
with the hydrostatic pressure p normel to the surface at the depth A gives

T, = R (p - %’ (25)
4

where B, = latitudinal radius

R, = meridional radius
Severzl points should be checked to determine maximum compressive stress. The
computed maximum stress will determine the required roof-plate thickness. The
curvature in the meridional direction determines the compressive buckling strength
in the latitudinal direction, whereas the latitudinal curvature determires the compres-
sive buckling strength in the meridional direction.

Having computed Ty and Te the next step is to determine the required plate thick-
ness. Allowable tensile unit stresses are governed by the tensile properties of the
material. Allowable compressive unit stresses are governed by buckling strength,
which can be determined by the Boardman formula for mild steels,

.= 2,000,000% (1 - % % (26)

where ¢ = plate thickness, in.
R = curvature normal to direction of stress, in.
f, = allowable compression stress, psi* (limited to 15,000 psiin current AWWA
Specifications)

10. Suspended Bottoms. Design of suspended bottoms formed by a surface of
revolution is similar to that of the roof. The bottom is sectioned by a transverse
plane, the stresses T; and T, determinéd, and the required plate thickness calculated.
In hemispherical bottoms, where R; = R, = E, the maximum tensile stress, which
occurs at the very bottom (Fig. 17), is

T:=Ty = 5 27
The stresses at the spring Iiﬁe are
7. = 4R (% - 35) (28)

where & = spherical radius of bottom
H = distance from high-water line to bottom of tank
h' = distance from high-water line to spring line of bottom
The stresses T ax}d T, in suspended conical bottoms are determined independently

# Factor of safety = 2.



BALCONY OR RING GIRDER 23-11

(Fig. 19). When the cylindrical portion is filled to a depth X above the core-to-
eylinder junction, the stresses in the cone at any point k. below the spring line are

¥ D 2k, , D )
= - — A, a X —cot @ 30
2 2coss(2 htan)( +3+6co (30)
7w 1 (2 ptan a) (X + o) 31)

cos 8 \2
At the spring line the stresses are
R (X D ot a) 32
T2 Zeost 2 + 6 o (32)
+DX

= 33
T: 2 cos 4 (33)

where 8 == apex angle

At the apex T2 = Ty = 0. )
Compression stresses must alse be determined at the cone-to-cylinder junction,

where 2 compression girder is required te

regist the inmward pull of the cone bottom

(Fig. 3la}. The compression force C in the HWL

girder is : =

c=%(x +§cote) Ditans (34)

Portions of cone and shell act with the . X
girder. The effective width of each strip is

assumed to be 0.78 +/ Rz but not te exceed
16¢.. ‘Therefore, the effective area is the

smaller of
. —_1
Act = 0.78(t. VR, + 0 VED) -
(35a) he
Aottimaxy = 16(EF 4+ 47) (35b) L \ / T2 !
where R, R; = radius of shell, cone g

¢, t: = thickness of shell, cone

11. Balcony or Ring Girder. Theshell
of a column-supported tank is considered to
be a cireular girder uniformly loaded over
its periphery and supported by columns,
equally spaced on the shell circumierence,
attached directly to the tank shell. The o )
supporting tower generates concentrated radial and tangential forces on the tank
structure. These forces may be caused by slopirg columns and/or the diagenal
bracing system in the tower, and a ring girder must be provided to resist them. The
ring girder is located at the intersection of the column’s neutral axis with the tank
shell and is usuzlly positioned at the spring line of the suspended bottom. It also
functions as the top strut line of the tower. A tank balcony cam serve as a ring
girder. Balconies should be wide enough to permit waiking upright around the tank
and should provide easy passage at the columns. If a baleony is not used, some form
of ring girder must be provided.

The force system on the balecony or ring girder of a fark having vertical columns
congists of the shears ¢ in the shell resulting from the horizontal load K at strut line
or balcony due to wind or seismie forces, and the resisting forces in the bracing

Fic. 19. Membrane forces in suspended
bottom.

—
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CHAPTEF{ B

DESIGN REQUIREMENTS

This chapter contains provisions which are common to the Specification as a
whole.

GROSS AREA

The gross area of a member at any point shall be determined by summing the
products of the thickness and the gross width of each element as measured nor-
mal to the axis of the member.

For angles, the gross width shail be the sum of the widths of the legs less the
thickness.

- NET AREA

The net area A, of 2 member is the sum of the products of the thickness and
the net width of each element computed as follows:

The width of a bolt or rivet hole shall be taken as Y16 in. greater than the nomi-
nal dimension of the hole.

For a chain of holes extending across a part in any diagonal or zigzag line, the

‘net width of the part shall be obtained by deducting from the gross width the

sum of the diameters or slot dimensions as provided in Sect. J3.2, of all holes
in the chain, and adding, for each gage space in the chain, the quantity

s3H4g
where
s = longitudinal center-to-center spacing (pitch) of any two consecutive
holes, in.
g = transverse center-to-center spacing (gage) between fastener gage
lines, in.

For angles, the gage for holes in opposite adjacent legs shall be the sum of the
gages from the back of the angles less the thickness.

The critical net area A, of the part is obtained from that chain which gives the
least net width.

In determining the net area across plug or slot welds, the weld metal shall not
be considered as adding to the net area.

EFFECTIVE NET AREA

When the load is transmitted directly to each of the cross-sectional elements by
connectors, the effective net area A, is equal to the net area A4,

AnvErican Instrrure oF Stesl CONSTRUCTION



Sect. J3] BOLTS, THREADED PARTS AND RIVETS 575

where,

L, = distance from the free edge to center of the bolt, in.
d = bolt dia., in. -

- If deformation around the hole is not a design consideration and adequate

spacing and edge distance is as required by Sects. J3.8 and J3.9, the-following

equation is permitted in lieu of Equation (J3-1):
' F,=15F, (33-4)
and the limit in Equation (J3-3) shall be increased to 1. SF

Minimum Spacing
. The distance between centers of standard oversmed or slotted fastener holes

shall not be less than 2% times the nominal diameter of the fastener* nor less )

than that required by the .following paragraph, if applicable.

Along a line of transmitted forces, the distance between centers of holes s shall
be not less than 3d when F, is determined by Equations (J3-1) and (J3-2). Oth-
erwise, the distance between centers of holes shall not be less than the follow-

ng:
a. For standard holes:
s = 2P/F,t + di2 {(J3-5)
where
P = force transmitted by one fastener to the critical connected part,
kips
F, = specified minimum tensile strength of the critical connected
part, ksi
t = thickness of the critical connected part, in.

b. For oversized and slotied holes, the distance required for standard
holes in subparagraph a, (above), plus the applicable increment C;
from Table J3.4, but the clear distance between holes shall not be less
than one bolt diameter.

Minimum Edge Distance
The distance from the center of 2 standard hole to an edge of a connected part

shall be not less than the applicable value from Table J3.5 nor the value from
Equation (J3-6), as applicable.

Along a line of transmitted force, in the direction of the force, the distance
from the center of a standard hole to the edge of the connected part L, shalt
be not less than 1Y2d when F, is determined by Equations (I3-1) or (J3-2).
Otherwise the edge distance shall be not less than

L, =2PIFt : (33-6)
where P, F,, t are defined in Sect. I3.8. .

*A distance of 34 is preferred.

AmErrcan InsTrTuTE oF SteeL CoNSTRUCTION



Structural Assessment of a Hazardous Waste Storage Tank
for Hukill Chemical Company

Index of

Index of Dike Wall Drawings and Sketches

Dike 1.D. Exhibit
7 Tank Dike D-2
BTMS/Feed D-10
F-1 Fuels Dike D-6

4X3M Feed Ta.t_lks D-7

Disperser Tank D-8

Spent Acid Tank D-9

[14.1]

[14.2]

[14.3a]
[14.3b]
[14.3¢]

Drawing Description

H.C.C. Reduced Drawing 1294-F1,
Plan Sheet 10

H.C.C. Reduced Drawing 1700-F1,
Plan Sheet 11C

Sketch of Ivany Block Wall
Sketch of Tank Pier
Sketch of Existing Tank Layout

No Drawing - Described in Tank Calculations

No Dike Wall

No Drawing - Described in Tank Calculations
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Secole: 1/8° = |

HUKITLL CHEMICAL CORPORATION




o nd
o o o o o I T ]
& 2 g = < < g g A & =
et - -t o - ~ -~ — - [} 1
o ] ] = 1 1 1 ] 1 < < i - ] x] t n | v = | ©
L] ©~ © L w uw w t- © o =] ] ~ i ~d - - - -l
w ’

w o [+ Jo ] [} = o % jo @ | ~ o o o j@ w b= < )=
~ 0 el -2 | [ [0 B | ofQ afS ofe oo o= HiE ol oo L] R -]
- LIy PR B BT DY D D ] el ] B ] B B vl H . . .
* o+ e3f @3 Sled ol ed wfed oofed t-| et -fed Bled wled WA wfed ] IR I A ~ il — —+

Ll
= = wn @ o - m m =] o =] o] = k= o uy =] s}
g B l® o8 5ol w 2] =] o @ o~ wlo m|o 13 2 ©0 L} & o~ S o o 1wl e
hd + o3| o cifed f o0 o] e © «f o ™ o wlH ol nl- — - - — — - - m|ao o n|o
B -

#9
3.00 .

adi
4.00
14. 2
3.43
12.2
10.6
2.87
9.5

= NE

o«

or Ag
3.7%

15.1
3.16

12.6
2.71

M
48
10.8
2.37
2.11

2d

{V:lb; diim. ; uspsi)

#7
2.88

F du
13.2
2.4
11.0
2.06
1.80
1. 60

v

20 =
46
2.64
-1
1.32

14.2
2.11

1.2
1.76
1.51
1.17

1.06
5.7

r
#5

1.86

11.8
1.49
1.24
7.
1.086
0.93
0.823

305G X § inserted in table are for use i Ag

fg

1.20
0,36
0. 80
[
0.89
5.4
0.80
4.7
0.33

=T

¢
3-8

#3
0.66
0.53
5.7
0.44
0.38
0.33
3.5

0.29

3.1

0.28
2.8

Areas Ag {or A'g) (top) sq.in.; Perimeters Zo, {bottom) in.

Enter table witt values of Ay (or A g) and

Coefficients a

#2
0. 30
4.7
6. 24
3.8
c. 20
0.17
2.7
0.15
2.1

Table 3a. Areas and Perimeters of Bars in Sections 1 Ft. Wide {Slabs)

Spacing
2-1/2
3-1/2
4-1/2

8%

L5

188

13.50
2,257
.20
7.09

148
7.65
1.693

5.32

11
5.313
1,410
1.56
4. 430

10
4,303
-1.270

.2t
3. 99¢

2.18
2.00
.88
6.5

L71
6.1

1.60
1,50
5.3

1.41
3.0

1.33
1,26
4.5

1,20
1,14
1,08
1,04
100
3.5

0.92
0.86
0. 80
0.75
2.7

0.71
0.87

3. 400
1.128

.54

1.90

.72
1.38
6.3
1. 46
5.8
1,35
5.4
1.26
.19
1.1z
1.05
La0
0.85
3.8
0.90
3.8
0. 86
0.82
3.3
0. 79
0.73
2.9
©. 68 -
2.7
¢.63
0.59
0.56
2.2
.53
2.1

2,870
1.000
0.79

3.142

1.31
1.20
1.11
1.03
0.396
0.20
0.85
2.9
0. 80
0.78
0.72
0.69
0.65
0. 63
0. 69
051
0.45
0.40
1.8
2. 044
0.875
2.748

0.36

5.1
0.88

4.7
0.31

4.4
0.75

4.9
9.70
Q. 56
3.5
0.82
0.39
0.56
0.353
0.50
2.7
0. %%«

0.48
2.5

0.46
0.38
2.0

0.35
0.33

1.8
0.31

1.7

0.29
1.502
G. 730

Bar designation No.
2,356

Nominal dimensions——round secticns

.68
0. 62
0.57
0.53
3.4
0. 50
3.1
0. 47
2.8
0. 41
2.6
0.39
0. 37
0.35
0.34
2.2
0.32
0.31
0.29
1.8
0.27
0.25
0.23
0.22
0. 2%
1.043
0. 625
¢, 31
1. 963

0. 668
0. 500
1.571

0. 44
0. 40
0.37
0.34
0.3z
0. 30
2.4
0.28
2.2
0.27
0.25
2.0
0.24
1.9
0. 23
1.8
G.22
i.7
0.21
.20
0.18
1.4
0.17
1.3
0.18
1.3
0.15
1.2
G. 14

Table 3b. Properties of Steel Reinforcing Bars

0. 376
0.375
0.11

1.178

0.24
0.22
0. 20
2.2
0.18
2.0
G.18
c. 17
1.8
C.16
0.%3
1.6
0. 14
L5
0.13
1.4
0.13
1.3
0.12
1.2
0.11
1.2
2.11 .
1.2
1.13
1.29
1.4
1. 69
1.76
2.09
2,24

2,48

0. 167
0. 250
0,05

0.786

0.11
0. 09
1.4
0,09
1.3
0.08
1.3
Q.08
1.2
.07

1.1
0.07
1.0
0. 06
0.06
0.9
0,06
0.9
0.495
0.05
0.08
0.05
0.8
%

16, 000

18, 000

20,000

22, 000

24, 000

27, 000

36, 000

33, 000

5-1/2
6-1/2
7-1/2
8-1/2
9-1/2

10

10-1/2

11

11-1/2

12

13

18

per ft., lb.
in,

area, 5q. in.
in,

Unit Weight
Diameter
Crosg-sectional
Perimeter,




.

Table 1. Coefficients (X, k. j, p) for Rectangular Sections

£ X i kol ] Pl x | ® [ 3 P R .
and £ : |
a ¥ | £ = 15,000 8 = 1.13 €5 = 18,000 a = L.279 - .
a7s.|137. .35 |.ssr |.o097 |128. | .3z¢ | .8s0 | .ocs0 {/// ZEl §
2500 { 1000. | 169. .387 | .s7r .02l | 1s8. 339 .380 L0100 Fa
1125.|201. 415 862 | .0las | 190. .387 871 0121 Bas o -
10,1 | 1250.} 235, 44l | .B853 | L0172 | 222 412 .883 L0143 —‘!
1500. | 306. 436 .838 | .0228 | 291. 457 848 L0190
- A, |
1e50.{ 173. .37 875 | .cw24 | ez, 349 .84 .0102 : "’.r-
4000 [ 1200, 212, 408 864 | .0153 | 199. .380 873 L0127 Ry =
1350.5252. 437 854 0184 | 238. 408 864 0153 e i
9.2 | 1500. ] 294, JGb3 846 L0217 | 278. 434 .855 .0181
1800. | 380, .509 | .83¢ | .o286 | dez2. 479 .840 L0240 = e Qe Ly
. T, /nk. TR
1400. | 249, 412 | .863 | L0180 | 23a. 384 | .872 | o148 1+ /nke
4000 [1600. (203, | ass | .ss2 | .oz2z |286. | 416 | .61 | .om8s | % faxy K=£ kj
1800, [359. | .476 | .84z | .C266 | 36l. | .4a | ;2 | L0222 2f, 2
8.0 2000, 1417, .500 | .833 [ .0313 | 387, 471 843 L2261 £y .
2400. | 536. .55 | .B18 | .o409 | 513, . 516 ,828 L0304 e T oag % {over j-value)
,
1750.1327. | 437 | .85 | .0239 | 309. 408 | .8ea | L0199 M L NE
5000 |2000. {397, | 470 | is43 | 0234 | 376, | &l | .53 | .ogss | (oruseinAg_por AT
2250. | 458. L500 | .833 | ,0351 | 446, 470 843 .02% .
7.1 | 2500, | 2. 826 .825 | .11 | sis. 497 835 0345
3000, 694, .51 810 | .0535 | 686. 542 819 0452 | K l k l 1 P
£, .= 20,000 2 w144 £, = 22,000 4 = 1.60 £y = 24,000 Fe = 1.7 |
87s. | 120. .30 .e98 | .0067 | 113, .287 L300 L0057 | 107. L26% | .210 | L0049
2500 | 1000. | 149, .336 .888 | .ouss | 14l .315 .B95 L0072 | 133 2% 901 | Lo0s2
1125. [ 179. .362 .879 | .0102 | 170. 361 .885 | .0087 | 161. 321 | .893 L6075
10.1 |1250. (211. .387 | .871 | .0121 | 200. .365 .878 L0106 | 191, 345 | .885 | .0C%0
1500, |277. .431 .85 L0162 | 284. 408 .B64 L0139 233, .387 | .87 L0121
1050. | 152. .326 .891 | .0085 | 144, .305 .B98 L6073 | 136. 287 | .904 | .0083
3000 | 1200, | 188. 356 .881 | .0107 | 178. .334 .8as .0U9l | 165, .315 | .895 ,0079
3501225, | .383 872 | L0129 | 214, .361 .880C | .01l1 § 204. L3641 | .88 . 0096
9.2 | 1508, | 265. %08 | .Be4 | LOLS3 | 252 .385 .B7Z L0131 | 240. .365 | .878 L0114
1800. | 346. 453 .849 | .mos { 331. 428 857 L0176 1 317. 408 | L8G4 ,0153
1480, | 221. ,359 | .880 | .0i26 { 210. .337 .888 .0107 | 199. L3138 | .8%4 . 0093
4000 | 1600, |272. .39¢ | .70 | .015% | 258. .368 877 L0136 | 246, 348 .a84 L0116
1800, | 324, 419 | .860 | .o0188 | 309. .39 .868 .0162 | 295. .375 | .875 | .014l
8.0 |2000. | 379. Jabh o852 | ozzz | 3s2. 421 .860 L0191 | 347. %00 | .867 . 0167
24400, | 492. 490 | 837 | .0z9s | &72. 456 L8435 L0254 | 456, Labh | o.ES2 0222
1750, [292. ,383 872 | 0168 | 278. .361 .880 L0144 | 285. .341 | _BBE 0124
5000 |2000. | 358, 415 | .862 L0208 | 341, 392 868 L0178 | 226, 372 .B76 Q155
2250, | 426. eak | .852 .0250 | 47, 421 850 L0215 | 390. 400 | .Be7 | L0187
7.1 |2500. | 456, 430 | 843 L0284 { 475. b7 .851 L0254 | 4se. 425 | L858 | .m21
30Q0. | 641. (516 .| .828 | .0387 § 617. 692 836 L0335 | 58s. 470 | .B43 L0264
£, = 27,000 s =2.00 £s = 30,000 a=2.24 £, = 33,000 a =2.48
875.| 99. .247 L918 | L0040 | g2, ,228 L9264 L0033 | 86. L2110 | .930 | .0C23
2500 {1004, | 124, 272 .90% L0us0 IR 252 L9154 RivA) 108. 234 .922 L8036
1125, | 150, .296 .90L | .0062 | 140, 275 908 .0052 | 132. 2% | .915 L0044
10.1 | i250. | 178, 313 .89% 0074 | 167, 2% .50L L0082 [ 157. L2717 .908 , 0952
1500, | 237. 359 ~880 L0100 | 224, 336 .888 LOUBA | o211, 315 895 Lou72
\ 1050. { 126. 264 .912 .0051 | 117. 244 .919 L0063 | 110, .226 925 . 0036
3000 | 1200, | 157. .2%0 | 903 | .008&4 | 147. .2a3 .910 L00s4 | 138, 251 .916 , D0GG
1350, | £90. .315 | .895 | .007% | 178. .293 .90z L0066 | 168, 273+ 909 005
§.2 |1500. | 225, .338 .887 | ,009 | 211. .315 895 L0079 | 199, 295 | .9®: LB 7
1800. | 29%. | .30 -873 .0R27 | 282. .356 .88L .0107 | 267. 334 .889 0091
1400, | 185. .293 .92 | .0076 | 173. 272 .909 L0063 | 1z, .253 915 . 0054
4000 | 1eco. [ 230, .322 .a93 0093 | 21s. 299 . 900 L0080 { 203, 279 | .907 | .0063
1800. | 277. 348 .884 | .OL16 | 260. 326 892 L0097 | 246, 304 | .899 | .oo0B3
8.0 | Z000. | 326. 372 876 .0L38 | 308. .348 .884 L0116 | 291, .327 .891 . 0099
2400, | 430. 416 .85l 083 407, .390 .870 L0156 | 187, 368 | .877 . 0134
1750, | 247. .315 .895 LULUZ | 231, .293 .9z L0085 | 218. L2774 .908 .0073
5000 |2000. | 305. 345 | .sas | .oz | 287, 321 893 U107 | 271, 301 | 900 | .0091
2250. [ 38é, .31z 876 LOL53 | 346, 347 .884 .0130 | 327, 328 .891 L0111
7.1 [2500, [ 430. 397 .868 | .0184 | 407, 372 876 L0155 | 386, 350 | 883 L0132
3000, | 564. a4l .853 .0245 | 537, 415 .36z L0208 | 511, .392 . 869 0178

"“Balanced steei rahio” gpplies lo probiems involving bending oniy.
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d W SHAPES
Dimensions
Web Flange Distance
Destn- | prea Depth Thicknoss [ £, Widlh Thigkness T k| ok
natian A d " 7 b, i
in2 In, In. In. tn. in. In. { W | In
_W_BXG? 197 900 | 9 0570 (% | %o | B.280 | 8% [ D935 | e | 6% | 1% | 1%
X508 | 174 B7S | 8% [0510 (v % B.220 | 8% | 0810 e | 6% [1% | "
x48 | 144 850 | B% [0400 (% (% | B110 | 8% | 0685 Ve | 6% |1%s | 5%
x40 | 11.7 825 | 8% | 0360 % {%e { B.O70 | 8% | 0.560 | %s 6% |1%s | %
— X35 'lO.S B2 | 8% 0310 % |%a | 8020 | B 0485 | v 6% |1 Ye
x3t 912 | BO0 | 8 0285 { %s .| %6 | 7995 | 8 0435 f e | 8% | Wis | e
W Bx28 82561 806 | 8 0.285 ] %s [ %e | 6535 ] 6% | 0.465 | 7 6% | '%e| Ve
24 JO671 783 1 7% J0245) v |1 6.495 | 6v | 0400 | % 6% | % | %
WEx21 616 ] 828 [ 84 [0250 | W % 5270 | 5% | 0.400 | % 6% W | %
%18 5261 B14 | 8% (0230 |% | % 6,260 1 5% 10330 ] % 6% | % Vis
WBx15 444 | B.11 BY% [ 0245 (% % 4015 | 4 0.315 | %a 6% % Va
%13 34| 799 | B 0Hniv [ % 4000 | 4 0255 [ 6% | s | Ve
x10 296 | 789 | 7% {0170 %0 [ 1% 3940 | 4 0205 %e | 6% | % | %e
W ex25 734 ] 638 | 6% [ 0920 | % [ %e [ 6.080 | 6% | 0456 | 74 | 4% ¥ Vlu.
— |X20 l 587]1 620 { 6% |0260]v | 6020 | 6 0.365 | % | Y% e
X185 443 559 | & 0230 | % | % 5900 { 6 0.250- Y W) % | %
- IW Gx16 I I 4.74! 628 | 6% |0280f% | 4.030 | 4 0.405 | % % % The
x12 355 | 603 | 6 0230 | ¥ | v 4,000 | 4 0.280 | % | % Ya
X 9 268 | 590 | 5% 0470 |(¥e [ % 3.040 | 4 0215 | ¥s 4% | %e | %
WEx19 554 | 515 | 5% [0270|v (v 5030 | 5 0430 { %e | 3% | s e
x16 4.68 | 5.0t 5 0240 | ¥ | % 5000 | 5 0.360 | 3 3% { Y e
WAx13 383 F 416 | 4% | 02804 % Yo 4.060 | 4 0.345 2 f W | Ve

L]

Anmenican InsmiruTe oF STeEL ConsTRUCTION

1.33
ty _ky |k
W SHAPES d —X (T
Properties
k
Nom- Compact Section Plastic
inal Crltaria Elaslic Properlies Modulus
WL g d n d Asts X-X - Axls Y-Y
pr | e iR T2 Z | Z
RO 2 b Al s st s ]
Lb. Ksi i Ksi |, A w2 it fmf w2 m [ w2l md
67 441 — | 1681 — (2281116 | 272 604 | 3721886 |214 {242 702 Jaz7
56 511 — | 1721 — | 226|131 ] 228 62.0 3685|751 |18.3 210 |50.8 {270
48 591 — [2183] — 22311537 184 433 [ 361609 [150 268 |49.0 |228
40 72| — | 229 — (221 {183 146 355 {0353 1491 [122 J204 1398 185
35 8.1 1644|2621 — 1220]205]| 127 31.2 1351 {426 (106 F2.03 34.7 [16.1
3 9.2 |500 281 | — 248|230} {10 215 | 3471371 927 [2.02 1304 | 1414
28 70| — |1288 — |377]265 98.0 [243 [ 345|217 663|162 |27.2 | 104
24 811641924 630|176 305 828 |209 |342[183 563 {161 | 232 B.57
21 66 — (331602 1.41]303 75.3 1182 (349 977 3r1]1.26 1204 5.69
18 80 — | 354 [ 527 [ 1391470 61.9 152 [343] 797] 304(1.23 1170 4.66
16 641 — 331|603 ) 1.09 | 641 48.0 | 118 [ 329} 341} 1.70]0876| 136 2.67
13 T8 ~ §347 | 547|101 | 783] 0996 | 99t{321! 273] 1.37]0.843]| 114 215
10 9.6 {458)464 | 3071099 |977] 308 ]| 781|322} 200} 1.06]0.841| BE7 1.66
25 67 ~ [189] — [166]231 534 {167 | 270 (171 56141152 [189 | 856
et 82621238 — l184{282f 414 {134 1266|133 | 44147501 149 672
15 | 11.51318(260| — |1611385) 201 | 972{ 286 932| 311146 [108 | 475
16 50| — | 242 — ]108]3.65 321 (102 260 4.43] 2.20[o.966f 11.7 339
12 7] — 1262 — |105[538| 2241 | 7.31[249] 299 150[0018] 830 24372
g 9.2 |503}34.7 | 5481001696 164 | 556|247 | 218] 1.41]0.905] 623 172
19 58§ — (191 — [1.38]238 262 1102 [ 2.17] 913 3631128 (118 5.53
i6 69§ — (209 — |1.37]278 213 | 851|213 7561 3.00[1.27 8.58 | 4.57
13 59| — 11498 — | 110|297 113 | 546[ 1,72} 3.868] 180|100 | o8| 292

AMERICAN TNSTITUTE OF STEEL CONSTRUCTION



- 46

— :5(_<

X7
3k

ANGLES

Equal legs and unequal legs
Properties for designing

1

ANGLES
Equal legs and unedual legs

v ?
Size Weight K
ond X pg Area AXIS X-X AXIS Y-Y AXIS Z2-2
Thickness Ft I S r|y I S r X " 1 Tan
In. ol b (A 2 i [ | W {2 | [ «
LOx4x % | 1% 263 | 7.73| 648 [ 115 [290(3.36| BI2} 265| 1.04 {0858} .B47]0.216
Ye [1%e} 238 | 700 59,1 [ 104 [291|3.33) 763} 241 1.04 | 0.834| .B50]{0.218
%ot 213 | 625} 532 | 93412921331 692} 217 1.05 |0.810) .B54| 0.220
LBxBx1% 1% | 569 |16.7 [ 96.0 [17.5 |2421241]198.0 |175 | 242|241 (156 [1.000
1 1% 510 [150 | B9.O [ 158 [2441237(89.0 (158 | 244 [ 237 [1.86 |1.000
Ta |1% f 450 [13.2 | 796 | 140 [245|232|796 (140 | 245232 157 {1.000
¥ 1% | 389 |tt.4 | 60.7 {122 |247(22869.7 [t2.2 | 247 [ 228 |1.58 | 1.000
% |1 327 | 9.61| 594 | 103 1249{223(594 (103 | 249|223 |1.58 }1.000
%o | 1% | 286 { B.68| 541} 9.34|2.50]2.21|54.1 934|250 (221 (1.589 [ 1.000
Y% 1% | 264 | 7.75| 486 | B36]2.5012.19] 486 8361 2.50 1219 [1.59 [1.000
(R EGES 1% | 442 1130 | 808 | 151 (2.4972.65{38.8 8921173 1165 [1.28 | 0543
T 1% 1 391 1115 | 723|134 |251(2.61]349 7941174 1161 |1.28 | 0547
Yo [1% | 338 § 994 634 | 11,7 |25312.56]30.7 6921176 | 1.56 |1.29 | 0.551
% | 1% | 285 | 836 541 | 9.87|2.54(252]26.3 588 1.77 1152 {129 | 0.554
e | 1%s | 257 | 7.56| 493 | 8.95|2.55]2.50] 24.0 5341178 { t.50 [1.30 }0.556
Ye 11 230 { 675| 443 | B02)256(2471217 | 479|179 | 1.47 |1.30 [ 0.558
o ey 20,2 | 5931 392 | 7O07[257)2.45)10.3 4231180 (145 [1.31 | 0.560
LBx4x1 12 | 374 |11.0 | 696 [ 141 1252|3.05(116 | 3.94| 1.03 1 1.05 |0.846} 0.247
Yi |1% | 287 | 844 549 | 109 [255]2.95| 9.36] 3.07| 1.05 [ 0953 |0.852}0.258
e |1%s| 219 { 643) 428 | BA5}2.58]2.88] 7.43] 238} 1.07 | 0.882 | 0.861[ 0.265
|1 196 | 575|385} 749259|286) 674 215 1.08 | 0.859 | 0.865[ 0.267
L7x4x % 1% | 262 | 769|378} 8422221251 9.05| 3.03[ 1.08 { 1.0 |0.860}0.324
% (1 | 2241 6468 324 § 7.14|224|246] 784 258} 1.10 [ 0.963 | 0.865] 0.328
% 1 17.8 | 525) 267 § 5812251242 653 2,12} 1.11 1 0.917 0872} 0.335
Y % | 136 | 3.98] 206 [ 4.44|2.27(2.37| 510 t.63] 1.13 [ 0.870 [ 0.880} 0.340

~ ; s X X
Properties for designing |, 1 |y
TN
vz
Size Weight AXIS X-X AXIS Y=Y AXIS 22
and k | per | Area

Thickness H I 8 iriyl| I 8 r X ‘| Tan
In. . w2 A w2 i [ty ) i |«
L6x6 x1 |[1% | 37.4 |11.0 355 | 8.57 {1.80]1.86(355 | .57 [1.80 [1.86 |1.17 | 1.000
" lt% | 331 | o73[319 | 763 {181]182|31.9 | 7.63 [1.81 |1.82 |1.47 |1.000
% |1ve | 287 | 84dj20.2 | 666 [1.83]1.76[28.2 | 6.66 [1.83 |1.78 |17 | 1.000
% | 1w | 242 | 741|242 | 566 [184[1.73[24.2 | 666 [1.84 |1.73 [1.18 [1.000
"ol 1vie | 219 | 643|224 | 514 |185[171[221 | 6.4 {185 [1.71 |1.18 |1.000
(% |[586)| [575] 190 | 461 |1.88|1.68]19.9 | 461 {186 {168 (18] 1.000
el ‘%he| 172 | 506|17.7 | 4.08 |187(1.66[17.7 | 4.08 [1.87 |1.66 |1.19 [1.000
% | % | 149 | 436[154 [ 353 [1.88]1.64|15.4 | 353 |1.88 {1.64 |1.19 |1.000
%l '%s| 12.4 [ 3.685(13.0 | 297 [1.89;1.62|13.0 | 297 {189 |1.62 |{1.20 |1.000
L6x4 X % [1% | 27.2 | 7.88[27.7 | 715 {1.86]212( 9.75] 3.39 |1.11 |1.12 {0857 |0.421
‘%1 | 236 | 694|245 | 625 [1.88|208| 868 | 297 | 112 |1.08 |0.860|0.428
% |1% | 200 | 586|211 | 531 |1.90({203] 752| 254 |1.13 [1.03 0864 [0.435
%ol 1%a | 181 | 531[193 | 483 [1.90[201] 691] 231 |1.44 {1.01 |0866]0.438
wi1 | 162 | 4750174 | 433 [191]1.99] 627 208 |1.15 {0987 [0.6700.440
Tl 1| 143 | 418[155 | 3.83 [192[1.96| 560} 1.85 [1.16 |0.964 |0.873 | 0.443
%| % | 123 | 361}135 | 332 [1.93]1.94| 490 1.60 |1.17 |0.941 |0.877|0.446
" %] %e| 103 | 803114 | 279 [194]1.92] 418] 135 |1.17 |0.918 |0.882| 0.448
Lex3vx % |1 | 153 | 450166 | 4.24 |1.92|2.08} 4.25| 159 0.972|0.833|0.759] 0.344
% | % | 117 | 342]129 | 3.24 {1.94|204| 334 1.23 |0.988 | 0.787 |0.767 | 0.350
| wol 08 ] 287{109 | 273 |1.95/201| 285] 1.04 10.996]0.763 |0.772| 0.352
LEXE X % (1% [ 27.2 1 7.98{17.8 | 5.17 |1.49[1.57 1178 | 517 |1.49 |1.57 |0.873]1.000
" w14 | 236 | 694[157 | 453 |151]152]157 | 453 |1.51 |1.52 {0.975)1.000
% |1% | 200 | 586|136 | 386 |152[1.481136 | 386 (1.52 |1.48 | 0978} 1.000
A (ne2]| (a7l 113 | 318 f154)143| 113 | 316 |15¢ | 143 [Jo.o83f 1.000
Yie| ha| 143 | 418|100 | 279 [1.55]1.41[10.0 | 279 155 |1.41 [0.986]1.000
% | % | 123 | a61| 8.74] 242 |156]1.39| 8.74| 2.42 {156 [1.39 {0990 1.000
%e| Wie| 103 | 3.03| 7.42] 204 (157{1.37] 742| 204 [157 {1.37 {0.994] 1.000
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ANGLES

Equal legs and unequal legs
Properties for designing

Size
and
Thickness

Weight
per
fl

Area

AXIS 22

In.

Lh.

Tan

L5x3vex %
%
1]
The
%
B
Vi

L5%3 X %
Vs
The
%
%e
Ya

Ldxd x ¥
A
The

Ha
Y

L 4x31x ¥
T
%
e
Ve

A

1Y
1V

%q
Y
e

%

-

e
Y
%
Y

1%

-

%
e
Y
Wia

%
T
e
Y
e

188
16.8
136
120
104

70

15.7
128
113
9.8
8.2
6.6

18.5
57
12.8
11.3
(53]

651

i1.9
10.6
4.1
77
6.2

5.81
4.92
4.00
3.5
3.05
2.56
2.06

4
4.61
3.75
331
2.86
240
1.94

544
a6
375
AN
286
240
1.94

. 3.50

.09
267
225
1.81

5.39

114
9.45
8.43
7.37
6.26
5.11
7.67
6.66
5.56
4.97
4.36

3.
3.04

532
4.76
4,18
a.56
291

1.57

3.55
251
258
2.24
1.88

1.53

281
240
1.97
1.75
1.562
1.29
1.05

1.94
1.72
148
1.26

-1.03

1.75
1.70
1.66
1.83
1.61
1.59
1.6211.56
1.57
1.58
1.60
1.61
1.61
1.62

1.80
1.75
1.73
1.70
1.68
1.66

1.19
1.20
122
1.23
1.23
1.24
1.25

127
1.23
1.18
1.16
1.14
1.12
1.09

167
6.66
5.56
4.97
436
an
3.04

1.23
1.24
1.25
1.26
1.27

1.25
1.23
1.21
1.18
1.16

379
3.40
295
255
200

281
2.40
1.97
1.76
1.52
1.29
1.05

1.52
1.35
147
0.594
0.808

0.815
0.829
0.837
0.845
0.853
0.861

1.19
1.20
1.22
1.23
1.23
1.24
1.25

1.04
1.056
1.06
1.67
1.07

0.986
0.951
0.906
0.863
0.861
0.636
0.814

0.796
0.750

‘0.727

0.704
0.681
0.657

1.27
1.23
1.18
1,16
1.14
1.12
1.09

1.00

0.978
0.955
0932
0.909

0.748
0.751
0.755
0.758
0.762
0.766
0.770

0.644
0.648
0.851
0.654
0.658
0.663

0.7
779,
0.782
0.785
0.788
0.791
0.795

0.722
0.724
0.727
0.730
0.734

0.464
0.472
0.478
0.482
9.486
0.489
0.492

0.349
0.357
0.361
0.364
0.368
0.371

1.600
1.000
1.000
1.000
1.000
1.000
1.000

0.750
0.753
0.755
0.757
0.759

AMERICAN INsTITUTE OF STEEL CONsSTRUCTION

ANGLES
Equal legs and unetual legs
Properties for designing

X7
F

. ~ Y
Size Weight AXIS XX AXIS Y-Y | AxIs 22
and k | per | Area —_ : "

Thickness A I S | rjy . I 5 r X I | Tan

In. . b fmEpmd 3w i fin* a2 |t || «
L4 %3 x %| ‘el 111 | 225 |5.05 | 1.89 [1.25 [1.93 {242 |1.12 {0.864]0.827 |0.639 | 0.543
- el % | 98 | 287|452 | 168 [1.25 |1.30 218 |0.992 [0.871|0.804 [0.641]0.647

%] wis| 8.5 | 248 {396 146 |1.26 [1.28 | 1.92 |0.866 |0.879|0.782 | 0.6441 0.551
el % | 7.2 | 209 {338 123 {1.27 [1.26 {1.65 |0.734 |0.887]0.759 | 0.647 | 0.554
% | Wl 58 | 1.69 |277 {100 [1.28 [1.24 | 1.36 [0.699 |0.896]0.736 | 0.651 | 0.558
Lavxa%x % | % | 111 | 325 {364 {149 [106 {106 (264 [1.49 |1.06 |1.06 |0.683]1.000
vel Wa| 98 287|328 {132 |1.07 |1.04 {326 [1.32 |t.07 [1.04 |0.684]1.000
%| % | 85 {248 |287 |1.15 [1.07 [1L.01 {287 {115 |1.07 [1.01 |0.687]1.000
%o Wia| 7.2 | 209 [245 {0976 |1.08 j0.950| 245 |0.976 |1.08 |0.990|0.690] 1.000
vl % | 58 | 160201 |0.704[1.00 0.968) 201 |0.794 [1.09 |0.868 |0.694 1.000
La%x3 x % | | 102 | 2.00 [345 [1.45 J1.07 {113 |2.33 |1.10 [0.881|0.875)|0.621]0.714
%he| % | 91 265|310 | 129 {1.08 |1.10 |2.08 {0975 ]0.869]0.853 |0.622)| 0.718

% | el 79 | 230 {272 {113 [109 [108 | 1.85 |0.851]0.897]0.830 |0.625/0.721
vl % | 6.6 | 193|223 |oes4 110 |18 | 158 | 0722|0905 0.808 |0.627 | 0.724
v e 54 | 1561191 jo776l1.11 |1.04 |1.30 |0.589 |0.914|0.785 |0.631 0.727
Lavex2ux v | we| 94 | 275 |3.24 {1.41 [1.09 [1.20 | 1.36 |0.760 | 0.704 | 0.705 [0.534 ] 0.486
Yol % | 83 | 243|291 {126 |1.09 [1.18 | 1.23 10.677]0.711]0.682 | 0.535 .41
% | | 7.2 | 211|256 {100 |10 |1.16 [1.09 [0.592 |0.719|0.6600.537 | 0.496
%ol % | 81 | 178|219 [0.927 1.1 1.14 [0.933 0,504 | 0,727 | 0.637 | 0.54¢ | 0.501
| Wi 49 | 144|180 |0755 112 {111 | 0777 |0.4120.795 | 0.614 | 0544 0.506
L3 x3 x % | | 8.4 | 275|222 |1.07 |0.6980.932|222 |1.07 {0.8980.932|0.584 | 1.000
) % % | 83 | 243 }1.99 | 0954 [D.005D.910} .99 |0.954 |6.905 | 6.910 | 0.565 1.000
% | Wil 7.2 {211 |1.76 |0.833 [0.913j0.888[ 1.76 |0.833 |0.913 | 0.888 | 0.567] 1.000
i % | 61_]1.78 [1.51 J0.707 j0.922]0.865| 151 | 0.707 |0.622]0.865 | 0.589 ] 1.000
E/J ¥ha 1.44 {1.24 {0577 [0930j0.842] 1.24 |0.577 |0.930] 0.842 ip.592] 1.000
%e| % | 3.71| 1.09 |0.962| 0.441 [0.938[0.820| 0.962 | 0.441 [0.939 | 0.820 { 0.596 | 1.000
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ANGLES

Equal legs and unequal legs

X X . T
) ] ¥ Properties for designing
B BY
oz
Size Weight AXIS X-X AXIS Y-Y AXIS Z-2
and k | per | Area
Thickness Ft I s rly i s F X f Tan
in. | b, [ w2t im? i [ w3 fln || a
L3 x2%x %% | 85 (250 |208 {1.04 lo.9131.00 {130 10744 0722|0750 |0.520] 0.867
vl e | 7.8 {221 |1.88 | 0928 ]p.0200.978] 1.18 |0.664 |0.729]0.728 | 0.521| 0.672
wiv | 66 |1.92 |1.66 [0.810|0.928/0.956} 1.04 |0.581]0.738 | 0.706 | 0.5221 0.676
sl Wis | 58 | 1.62 |1.42 | 0,688 [0.9370.933| 0.808 | 0.494 10.744 | 0.663 § 0.625 | 0.680
vilse 146 |13t [1.97 {0561 }0.94500.911] 0.743 | 0.404 | 0.753 | 0.681 | 0.526 | 0.684
%ol e | 3.39 |0.996}0.90710.430 §0.954/0.808| 0.577 | 6.310 | 0.761 | 0.638 | 0.533 | 0.6BB
L3 x2 x %|We| 77 |225 {182 |1.00 [0.624[1.08 10672|0.474 |0.546} 0583 |0.428] 0.414
vel % | 68 200 |1.73 |0.894 |0.932[1.06 | 0.609 | 0.424 | 0.553 | 0.561 | 0.429| 0.421
% | e 59 1.73 |1.53 |0.781 [0.940]1.04 | 0.543 [ 0.371 | 0.550 | 0.539 { 0.430 | 0.428
vl % | 50 [1.46 |1.32 | 0.664 [0.9481.02 {0.470 | 0.317 |0.567 | 0.516 | 0.432| 0.435
vites | 41 1119 [1.09 |0542 |0.957)0.993] 0.392 | 0.260 | 0.574 | 0.483 | 0.435| 0.440
vaf % | 3.07 {0.902]|0.842|0.415 [0.966]0.970] 0.307 | 0.200 | 0.583 | 0.470 | 0.439 | 0.446
Lowxdx % e | 7.7 1225 11.23 |0.724 [0.730(0.806] 1.23 | 0.724 | 0.735 | 0.806 {0,487 | 1.000
. %] wei 59 |1.73 |0.884]0.566|0.753/0.762{ 0.984 | 0.566 | 0.753 | 0.762 [ 0.4B7 1.000
%ol % | 50 |1.46 |0.848 ] 0.482 [0.761[0.740} 0.849 | 0.482 {0.761 | 0.740 | 0.489 ] 1.000
vilve | 41 |1.19 |0.703]0.394 [0.769}0.717] 0.703 | 0.394 | 0.769 | 0.717 | 0.491 | 1.000
vl % | 3.07 |0.902}0547 | 0.303 [0.7780.694] 0.547 | 0.303 | 0.778 | 0.694 | 0.495 | 1.000
Lowx2 x wis| 53 [1.55 |0.912|0.547 [0.768/0.831} 0.514 | 0.363 | 0.577 [ 0.581 | 0.420 | 0.614
%l % | 45 [1.31 |0.788|0.466 10.7760.809] 0.446 [ 0.310 | 0.584 | 0.559 | 0.422 | 0.620
Vol %s | 3.62 |1.06 |0.654]0.381 [0.784/0.787} 0.372 | 0.254 | 0,582 | 0.537 | 0.424 | 0.626
%l | 275 |0.809]|0.508 | 0.293 [0.79310.764} 0.291 | 0.196 | 0.600 | 0.514 | 0.427 | 0.831
L2 x2 x %% | 47 1138 [0.473]|0.351 |n.504]0.636] 0.479 | 0.351 [ 0.594 | 0.626 | 0.389 | 1.000
shal %as | 392 11.15 |0.416]0.300 [0.601{0.614] 0.416 | 0.300 [ 0.601 | 0.614 [ 0.390 | 1.000
@ Ve i3.19[ 0.938 | 0.948 | 6.247 10.609]0.592{ 0.348 | 0.247 | 0.600 | 0.502 | 0.351 | 1.000
Vool 70 | 2.44 |0.715] 0,272} 0.190 jo.617(0.569] 0.272 | 0,150 | 0.617 ] 0.569 | 0,394 | 1.000
|3 | 165 |0.484]0.990] 0.131 |0.626{0.546] 0.180 | 0.131 | 0.626 | 0.546 | 0.398] 1.000
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36 ksi

I

Table C-36
) Allowable Stress
For Compression Members of 36-ksi Specified Yield Siress Steel®
K f K R K £ X f L] F,
r {ksi) r (ksD) r {ksi) r {ksi) r {ksi)
1 21.56 41 19.11 81 1524 | 121 1044 | 161 576
2 21,52 42 19.03 82 1513 899 | 182 5.69
3 21.48 43 18.95 83  15.02 | | 8 163 5.62
4 21.44 44 18.86 84 1490 | 124 970 | 164 5,55
-5 21.39 45 18.78 85 1479 | 125 955 | 165 5.49
& 21.35 46 18.70 86 1467 | 128 9.41 | 166 5.42
7 21.30 47 18.61 87 1456 | [127__ 167 5.35
8 2125 | [48 1853]| 88 1444 | 128 g.11 168 5.29
] 21.21 49 18.44 89 143z | 129 887 | 189 5.23
10 21.16 80 18.35 90 1420 | 130 884 | 170 5.17
11 21.10 51 18.26 91 14.09 | 131 870 | 71 5.11
12 21.05 52 18.17 g2 1387 | 132 g7 | 172 505
53 18.08 83 1384 | 133 844 | 173 499 |
i4 20.85 54 17.99 g4 1372 | 134 B.32 | 174 493
15 20.89 55 17.90 o5 1360 | 188  B19 | 175 4.88
16 20.83 56  .17.81 86 1348 | 1136 ! 178 4,82
17 20.78 57 17.71 g7 1335 | 137 786 | 177 4.77
18 2072 58 17.62 g8 1323 ] 138 784 | 178 471
19 72066 59 17.53 99 1310 | 139 773 | 179 4,66
20 20.60 60 1743 1 100 1298 | 140 762 | 180 461
21 20.54 81 17.33 | 101 12.85 | 141 7.51 181 456
22 20.48 62 17.24 | 102 1272 | 142 7.41 182 451
23 20.41 63 17.14 | 103 1259 | 143 730 | 183 4.45
24 20.35 64 17.04 | 104 1247 | 144 720 | 184 4.41
25 20.28 65 1694 | 105 1233 | 145 7.10 185 4.36
26 20.22 66 i6.84 | 106 12.20 | -146 7.01 186 432
27 2015 | 67 1674 | [107___1207]| 147 8.91 187 427
28 20.08 51664 08 11.894 | 148 6.82 | 188 4.23
29 20.01 69 165 109 11.81 149 673 | 189 4.18
30 19.94 70 __16.43[| 110 1167 | 150 664 | 190 4,14
X 19.87 71 1633 | 111 1154 | 151 655 | 191 4.09
32 19.80 72 1622 | 112 - 1140 | 182 646 | 192 4.08
K 19.73 73 1642 | 113 1126 | 183 638 | 183 40
34 19.65 74 16.01 114 1113 | 154 630 | 194 3.7
35 19.58 75 1580 | 115  10.99¢ | 155 622 | 185 3.93
36 19.50 76 1579 | 116 1085 | 156 614 | 196  3.89
37 19.42 77 1569 | 117 10.7M 157 6.06 | 187 3.85
as 19.35 78 1558 | 118  10.57 | 158 598 | 198 3.81
39 19.27 79 1547 | 119 1043 | 158 5.91 199 3.77
40 19.19 80 1536 | 120 10.28 | 160 583 | 200 373
*When element width-to-thickness ratio excesds noncompact section fimits of Sect. BS.1,
see Appendix BS.
Note: C. = 126.1 .

ApERICAN INSTITUTE OF STEEL CONSTRUCTION
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BOLTS, THREADED PARTS AND RIVETS
Tension '
Allowable loads in kips

TABLE }-A. BOLTS AND RIVETS
Tension on gross {nominal) area

Nominal Diameter 4, In.
asv | R % % %1 1wl 1] 1%] 1%
Designation Ksi Area (Based on Nominal Diameter), In.2

0.3068  0.4418 | 0.6013 [ 0.76854 | 0.9940 | 1.227 | 1.485 | 1.767

A307 bolts 200 | 6.1 | 88 | 120 | 157 | 199 | 245 | 267 | 363
A325 bolts 440 | 135 | 194 | 265 | 346 | 43.7 | 540 683 | 77.7
A4S0 bolts 54.0 16.6 239 32.5 42.4 53.7 | 86.3 | 80.2 95.4
A502-1 rivets 23.0 7.1 16.2 13.8 1841 229 282 | 342 | 4086
A502-2,3 rivets 29.0 8.9 i2.8 174 | 228 | 28.8 | 356 | 441 51.2

The above table lists ASTM specified materials that generally are intended for use as struc-
fural fasteners.

For dynamic and fatigue loading, cnly A325 or A490 high-strength bolts should be speciiied.
See AISC Specification. Appendix K4.

For allowable combined shear and tension loads, see AISC ASD Specification Sects. J3.5
and J3.6.

TABLE I-B. THREADED FASTENERS
Tension on gross (nominal} area

Nominal Diameter d, In.
psM | R R | A% | % 7 {1 |1 ]| v
: Designation | Ksi | ksi | ksi Area (Based on Nominal Diameter), In.?
(.3068 | 0.4418 ; 0.6013 | 0.7854 70.9940 | 1,227 | 1.485 | 1.767
= | Ase 36 | 58191 | 59 || 84y 11.5 |[I50]| 19.0 | 23.4 | 284 | 33.7 -—
A572 Gr. 50} 50 65 ; 21.5 6.6 95129 | 168 | 214 | 264 | 319 | 38.0
ASBS 50 70 | 23.1 711102 | 139 | 181 1 23.0 | 283 | 343 | 408
Ad4g .
d=1 92 : 120|396 121 | 175 | 238 | 311 — — — —_
1<d=114 81 ;105|347 — — - —_ 345 | 426 | 515 | 61.3

The above table lists ASTM specified materials available in round bar stock that are generally
intended for use in threaded applications such as tie rods, cross bracing and similar uses.
The tensile capacity of the threaded portion of an upset rod shall be larger than the body area
times 0.65,.

Fy = specified minimum tensite strength of the fastener material.

F: = 0.33F, = allowable tensile stress in threaded fastener.

L3 i

e

e

AmEerican INsTITUTE oF STEEL CoNSTRUCTION

TR A

e
oF
23

:hJ .

™



5-42

CHAPTER E

COLUMNS AND OTHER
COMPRESSION MEMBERS

This section applies to prismatic members with compact and noncompact sections
subject to axial compression through the centroidal axis. For members with slender
clements, see Appendix B5.2. For members subject to combined axial compression
and flexure, see Chap. H. For tapered members, see Appendix F7.

Ef1.

E2.

EFFECTIVE LENGTH AND SLENDERNESS RATIC
The effective-length factor X shall be determined in accordance with Sect. C2.

In determining the slendemess ratio of an axially loaded compression member,
the length ‘shall be taken as its effective length Kl and r as the corresponding
radius of gyration. For limiting slenderness ratios, see Sect. B7.

ALLOWABLE STRESS
" On the gross section of axially loaded compression members whose cross sec-
tions meet the provisions of Table B5.1, when Kl/r, the largest effective slender-
ness ratio of any unbraced segment is less than C,, the allowable stress is:
2
[ 1 (Kl/rg ] F,
20
F=3 ) _ (Kl (E2-1)
3 8C, 8C?
where ' c. = 27k
E,

E3.

On the gross section of axially loaded compression members, when Klir ex-
ceeds C., the allowable stress is:

1273

= 23Ky (EZ-2)

F,

FLEXURAL-TORSIONAL BUCKLING

Singly symmetric and unsymmetric columns, such as angles or tee-shaped col-
umns, and doubly symmetric columns such as cruciform or built-up columns
with very thin walls, may require consideration of flexural-torsional and tor-
sional buckling.

AmERICAN INsTITUTE OF STEEL CONSTRUCTION

(7]



Sect. C-C2} FRAME STABILITY 5-135

the top of the column. On the other hand, the restraining influence of founda-
tions, even where these footings are designed only for vertical load, can be
very substantial in the case of flat-ended column base details with ordinary an-
chorage (Stang and Jaffe, 1948). For this condition, a design K-value of 1.5
would generally be conservative in Case f.

While in some cases the existence of masonry walls provides enough lateral
support for their building frames to control lateral deflection, the increasing
use of light .curtain wall construction and wide column spacing for high-rise
structures not provided with a positive system of diagonal bracing can create
a situation where only the bending stiffness of the frame itseif provides this

support.

Table C-C2.1

(b) {c)
* !
:T

Buckled shape of column
is shown by dashed line

iR

o7 [Tl
Recommended design

value when ideal egndi- 0.65 0.80 1.2 1.0 2.10 2.0
tions are approximated

Theoretical K value

Rotation fixed and transiation fixed

Rotation free and translation fixed

End cendition code ) .
Rotation fixed and translation free

- 4

Rotation free and translation free

-

74 R S S

R |

o

Figure C-C2.1
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Structural Assessment of 2 Hazardous Waste Storage Tank
for Hukill Chemical Company
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13

STRESSES IN CYLINDRICAL SHELL

Uniform internai or external pressure induces in the longitudinal seam 2 unit stress
two times larger than in the circumferential seam because of the geometry of the

cylinder. .

A vessel under external pressure, when other forces (wind, earthquake, etc.) are not
féctors, must be designed to resist the circumferential buckling only. The Code
provides the method of design to meet this requirement. When other loadings are
present, these combined loadings may govern and heavier plate will be required
than the plate which was satisfactory to resist the circumferential buckling only.

The formulas below give the compression stress due to external pressure and ten-

sion stress due to internal pressure.

(7]
IS ]
w
[ P I (R

FORMULAS
CIRCUMFERENTIAL LONGITUDINAL
JOINT JOINT
PD PD
St = I 2%
| NOTATION

Mean diameter of vessel, inches
Internal or external pressure, psi
Longitudinal stress, psi
Circumferential (hoop) stress, psi
Thickness of shell, corrosion allowance

\I.J/ excluded, inches

EXAMPLE
Given D = 96 inches PD
P = 15psi Sy 7 I
t = 0.25 inches
PD

2t

15 x 96 ]
TXx035 ~ 1449 psi
15 x 96
———— = 2880 psi
2 x 0.25

[

(o]
1



INTERNAL PRESSURE

FORMULAS IN TERMS OF INSIDE DIMENSIONS

DESIGN PRESSURE OR MAX. ALLOWABLE WORKING PRESSURE PSI.
STRESS VALUE OF MATERIAL PSI. PAGE 126

JOINT EFFICIENCY, PAGE 112

INSIDE RADIUS, INCHES

INSIDE DIAMETER, INCHES

ONE HALF OF THE INCLUDED (APEX) ANGLE, DEGREES

INSIDE RADIUS OF DISH, INCHES

INSIDE KNUCKLE RADIUS, {INCHES

WALL THICKNESS, INCHES

CORROSION ALLOWANCE, INCHES

{Perrpgomuw
BEEEEEERRR

n

CONE anp CONICAL SECTION

‘= PD p= 2 SE t cosa
2 cosa (SE — 0.6P) "D+ 1.2t cosa

1. The half apex angle, O not greater than 30°

ASME FLANGED AND DISHED HEAD
(TORISPHERICAL HEAD)

When Uit = 1653

_088SPL po__ SEt
SE-0.1P ~0885L + 0.1t

When L1 less than 16 %3

__PLM pe 2SE
1= 3SE-0.2P LM+02t

VALUES OF FACTQR "M”

1.00 1.50 2.00 2.50 3.00 3.50 3.50 5.50

r 1.25 1.75 2.25 2.75 325 4,00 5.00 6.00
M |L00 1.06 1.10 1.15 1.18 1.22 1.28 1.34

1.03 1.08 1.13 1.17 1.20 1.25 1.31 1.36

7,00 8.00 5.00 10.0 11.0 12.0 14.0 16.0) 2

r 7.50 8.50 9.50 10.5 11.5 13.0 £5.0 163
1.41 1.46 1.50 1.54 1.58 1.62 1.69 1.75

M 1.44 1.48 1.52 1.56) 1.60 1.65 1.72 1.77

THE MAXIMUM ALLOWED RATIO : [ = D+ 2t
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INTERNAL PRESSURE

FORMULAS IN TERMS OF OUTSIDE DIMENSIONS

= DESIGN PRESSURE OR MAX. ALLOWABLE WORKING PRESSURE P5]
= STRESS VALUFE, OF MATERIAL PSI PAGE 126
= JOINT EFFICIENCY PAGE 112

= OUTSIDE DIAMETER, INCHES
= WALL THICKNESS, INCHES

P
)
E
R = OUTSIDE RADIUS, INCHES
b
¢
A

.= ,CORROSION ALLOWANCE, INCHES

CYLINDRICAL SHELL (LONG SEAM)'

PR SE1

L= SE+04P PErRT0a

2.

. Usually the stress in the long seam is governing. Sea

page 7.

When the wall thickness exceeds one half of the inside
radius or P exceeds 0.385 SE, the formulas given in
the code UA 2 shall be applied.

SPHERE and HEMISPHERICAL HEAD

_ PR _ p_ 2SET
U= 35E+0.8P “R-080

For heads without a straight flange, use the efficiency
of the head to shell joint if it is less than the efficiency
of the seams in the head.

When the wall thickness exceeds 0.356 R or P exceeds
0.665 SE, the formulas given in the code UA. 3. shall
be applied,

2:1 ELLIPSOIDAL HEAD

PD__ p

_ _ 2SEt
U= 55E+1 8P

“D-Tst

1.

For ellipsoidal heads, where the rztio of the majer and
minor axis is other than 2:1, see Code UA.4(C).
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STRESSES IN VESSELS ON TWO SADDLES

75
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&

NOTATION:

All dimensions in inches

Q = Load on one saddle Ibs,

R = Radius of shell

S = Stress pound per sq. inch

tg = Wall thickness of shell

thy = Wall thickness of head
(Excludlng corrosion allow.}

K = Constant, see papge 76,

# = Contact angle of saddie degree

STRESSES IN VESSELS ON TWO SADDLES

STRESS

NOTES:
Positive values denote tensile stresses and negative values denote compression.

E = Modulus of elasticity of shell or stiffener ring material pound per square inch.

LONGITUDINAL BENDING

The maximum bending stress S may be either tension or compression.

Computing the tension stress in the formula for 8y, for factor K the values of
Ky shall be used,

'Computing the compression stress in the formula for §, for [actor K the values

of Kg shall be used.
When the shell is stiffened, the value of factor K = 3,14 in the formula for 5,

The compression stress is not factor in a steel vessel where /R =0.005 and the
vessel is designed to be fully stressed under internal pressure.

Use stiffener ring if stress 8§ exceeds the maximum allowable stress.

TANGENTIAL SHEAR

If wear plate is used, in formulas for S, for the thickness t; may be taken the
sum of the shell and wear plate thickness, provided the wear plate extends Rf10
inches above the horn of the saddle near the head and extends between the

“saddle and an adjacent stiffener ring.

In unstiffened shell the maximum shear occurs at the horn of the saddle. When
the head stiffness is utilized by locating the saddle close to the heads, the
tangential shear stress can cause an additional stress ($3) in the heads. This
stress shall be added to the stress in the heads due to internal pressure,

When stiffener rings are used, the maximum shear occurs at the equator.

u .E'; v u [4
o =5
5155|558 FORMULAS Max. Allow. Stress
v oo neo
. A R2—H?
=] == —
o AT THE
W |8 Z | saDDLES oali— L 2AL In tenslon 5 plus '!he stress due o
Z | 2w | (Tension at 4H internal pressure {IPR/21g) shall not
S ek b thedop |+ == exceed the allowable stress value of
& 1= '% Compiession g = 3L shell material times the efficiency of
[ 1= = 7 irth seam
== = Boitom) « K R t gir [} .
a 5
;} uzJ :l' *See note on facing page In compression the siress due to in-
Z @ H ternal pressure minus 5, shall not ex-
a 'ﬁz R2 — H? ceed one half of the compression
Db AT 1+ 2 yield point of the material or the
2
& | 5@ | MiDsPAN QL L 4A1 | value given by:
{ZD o2 [Tfum'il'n" a T PIE] T 5
WZ | " he Top, L
158 | comoiedin 1455 s <(—)(r}R}[2 - ) (00)(R)]
1 3 at the _ 3L 29
=] Bollom) S]“ + - R7' n
s
gm N g, = K1 Q L —2A
‘;i of SHELL " Ris \ L+ H
a o
2e= S, shall not exceed 0.8 times the
Gé £ & N g = K;Q L—2A alh?wabie stress value of vessel ma-
o |82 SHELL 2 R!S L+ 4/3 H terial,
T |3
2 K S3 plus stress due to internal pres-
< 2 IN S, K4Q sure shall not exceed 1.25 times the
= | & SHELL Rig allowable tensile stress value of head
g = material,
O twe
% |8vi ] enp 8, = K. Q NOTE: Use farmula with Factor K3
F |0« Rip if ring not used or rlngs are adjacent
3 oo to the saddle, Use formula with fac-
=] ADDI- ) ;
a TIONAL s, = K:Q tor K3 If ring used in plane of saddle.
£ STRESS Ru
“ 1N HEAD 1
% GoeQ__3KQ .
I I I AT 1T 41g(b+ 1560 Rig) 2l 84 shall not excesd 1.50 times the
= Sl & HORN allowable tensile stress value of shell
E e & oF material.
G |=[E| SAPDLE| o 0 _12K,QR
wofvizg T AL(b 1 .56/ Rty L S5 shall not exceed 0.5 times the
= |- compression yield point of shell ma-
B - B AT K,Q terlal,
& | % gl sorromM Sg=—
G |g%%| _OF t5{b+1 56/Rig)
& E| SHELL

CIRCUMFERENTIAL

If wear plate is used, in formulas for S4 for the thickness g may be taken the
sum of the shell and wear plate thickness and for t§ may be taken the shell thick-
ness squared plus the wear plate thickness squared, provided the wear plate
extends R/10 inches above the horn of the saddle near the head. The combined
cireumferential stress at the top edge of the wear plate should also be checked.
When checking at this point: g shell thickness,

) b width of saddle
central angle of the wear plate but not more
) than the included angle of the saddle plus 12°
If wear plate is used, in formulas for Ss for the thickness t; may be taken the
sum of the shell and wear olate thickness, provided the width of the wear plate
equals at least b + l.Sﬁm
If the shell is not stiffened, the maximum stress occurs at the horn of the saddle.
This stress is not be to.added to the internal pressure-stress.
In a stiffened shell the maximum ring-compression is at the bottom of shell,
Use stiffener ring if the circumferential bending stress exceeds the maximum
allowable stress.

g

é
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SADDLES

STRESSES IN LARGE HORIZONTAL VESSELS SUPPORTED BY TWO

VALUES OF CONSTANT K
(Interpolate for Intermediate Values)

*K1 = 3.14 il the shell is stiffened by ring or head (A <R/2)

CONTACT
ANGLE | Ki* | K2 K3 K4 Ks K¢ K7 Kg
8
1200 1 0335] 1M 0.880 | 0.401 0.760 | 0.603
122 0345 ] 1.139 0.846 | 0.393 0.753 | 0.618
124 0355 1.108 0.813 | 0.385 0.746 | 0.634
126 0.366 | 1.078 0781 | 0.377 0,739 | 0.651
128 0.376] 1.0501. 0.751 | 0.369 0732 | 0.669
130 0.387 | 1.022 0.722 | 0.362 0.726 | 0.689
132 0.398 | 0.996 0.694 | 0355 0.720 | 0703
134 0.409 | 0.971 0.667 | 0.347 0.714 | 0722
136 0.420 | 0946 0.641 | 0.340 0.708 | 0.740
138 0432 ) 0.923 0616 | 0334 0.702 | 0.759
140 0443 | 0900 § gajo | 0.592 | 0327 0.697 | 0.780
142 0.455 | 0.879 | For 0569 | 0320] See | 0692 | 0.796
144 0.467.] 0858 | aqy - | 0.547°{- 0314 | chart | 0.687 | 0813
146 0.480 | 0.837 ¢ Con- | 0526 | 0308} on 0.682 | 0.831
148 0.492 | 0818 | Tact 0,505 | 0301 | facing | 0.678 | 0.853
150 0.505 0.799 Angles 0.486 0.295 page 0.673 0.876
152 0518 | 0781 9 0.466 | 0.289 0.669 | 0.894
154 0,531 | 0.763 0448 | 0,283 0.665 | 0.913
156 0.544 | 0.746 0.430 | 0.278 0.661 | 0933
158 0.557 | 0.729 0413 | 0.272 0.657 | 0.954
160 0,57t | 0.713 0.396 | 0266 0.654 | 0.976
162 0.585 | 0.698. 0,380 | 0.261 0.650 | 0.994
164 0599 | 0.683 0.365 | 0.256 .0.647 | 1.013
166 0613 | 0.668 0.350 | 0.250 0.643 | 1.033
168 0.627 | 0.654 0.336 | 0.245 0.640 | 1.054
170 0.642 { 0.640 0322 | 0240 0.637 | 1.079
172 0.657 | 0.627 0309 | 0.235 0.635 | 1.097
174 0.672 | 0614 0.296 | 0230 0.632 | 1.116
176 0,687 | 0.601 0.283 | 0225 0.629 | 1.137
178 0.702 | 0.589 0271 | 0.220 0.627 | 1.158
180 0,718 | 0.577 0.260 | 0216 0.624 | 1.183
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STRESSES IN LARGE HORIZONTAL VESSELS SUPPORTED BY TWO

SADDLES .
VALUES OF CONSTANT K,
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WELDED JOINTS WELDED JOINTS
JOINT EFFICIENCY, E ' LIMITATIONS
- Wher the Tomnt: IN APPLYING VARIES NOTES
5 B ot WELD TYPES :
CODE UWw-12 Fully b. c. :
Radio- Spot Not FORTYPE 1
PR : 3 - 1. In ihis table are shown the types of welded joints
m graphed Examined Examined . NONE whi:i:h are permitied by the code in arc and gas
utt joints as attaine o welding processes.
l doublje-weldilslg or t’;y(:)m;[ FOR TYPE2 NONE 9. The shape of the edges to‘be joined by b(_zthve!d -
means which will obtain K Except butt weld ".""ilh one ﬂ;ﬂlt:ﬁi;:fh 15 to permit complete fusion and
the same quality of plate offset - for .circumfer- 1. Butl joints shall be free from undercuts, overlaﬁs
deposited weld metal on . ential jeints only. and sbrupt ridges and valleys. To assure that the
the inside and outside 1.00 0.85 0.70 weld-gtooves ure_complelely filted, we:ld metal may
Id f. be buitt up as reinforcement, The thickness of the
weld surtace, ’ reinforcement shall not exceed the following thick-
Backing strip il used ‘ FOR TYPE 3 nesses, -
shall be removed alter Circumferential joints only, Pla(etthli:;(znless‘ln. Maximum reinf. in.
i s N up te nel. 2
completion of weld, not over $/B in. thick and over 1/2 to 1 inct, ?fss
! not aver 24 in. outside dia- over 1 316
. . meter. 4. Before welding the second side of a doubte welded
Smglg-weldeq butl joint . . butt joint, the impurities of the first side welding
wn!\ backing strip 0.90 0.80 0.65 shall be removed by chipping, grinding or melting
which remains in . . - Lo FOR TYPE 4 out to sgct:_reisoundFmetal tEor cmgplete pe?gtra-
v : . . P s tion an uston. or submerged arc welding,
Vil erential place afler welding i [340811[5'““(!!1'[3‘ joinis not over cl(\llpplng out a groove in the crater is recommend-
joint enly ’ (iill !gintls“cnkc.,t SJL‘:U?;??' 5. %‘l{e maximum allowable joint efficiencies given in
3 ; ] . this table are to be used in calculations of the
thick. loadings, when the Joints made by arc or gas weld-
T ing processes.
: . ! FOR TYPE 5 6. The code restricts the use of welded joints {0
Single-welded butt joint ! . g ; ; A ;
! - . C fi ial * certain types for vessels in the following services:
without use of backin a) ircumferential joints
i 3 —_ - .60 or atfachment of heads not a. When vessels are to coniain lethal substances
sirip o i H i . When vessels are to operate below -20F
1 ver 24 in, outside diameter ! 4 ;
to’ shells not over /2 in. c. E:c’:;ﬁngﬂsegr;si poilers wilh design pressures
thick. . R .. 4. Pressure vesseds subject to direct firing {Code
7 b) Circumferential joints UWw-2).
) : of ,the attachment to shelis 1. The following butt welded Joints shall be examined
: of jackels not over 5/8 in. radiographlcally for their full length.
| in mominal thickness where a. loints in vessels used to contain tethal substan-
Dauble-full _ N 055 the distance from the center ces.
fitlet lap joint : of the plug weld to the edge b. }oi{:’tsdh} which (hedlhilnnfr of the plate gt the
of the _plﬂ e 15 not less than welded Joint exceeds §-1/2 in, ar excee s the
_ h _ lesser thickness prescribed In UCS-57 {e.g for
t]hl,"]2 ?mfes t!;le dllameler of i mmria,s_‘_,}"; i) (
e, hole for the E’IUE. . Joints In unfired steam boilers, the deslgn pres-
B - . ! J(itlrits %:itlali:hm 1f:mlsph(‘ll'- 4 sure of which exceeds 50 psi. . .
o ical heads to shells are €x- . Joints in nozzles, communicating chambers,
0 — . | . cluded. elc. In vessel or vessel section that is tequired
//"/‘ Singte-full fillet FOR TYPE 6 {?wb{a r(ad)lcigrsphed under a, b, and ¢. [See
pr 2R toen iR lap joint 1L () -
77BN S ) . — —_ ! fﬂ) For the attachment of & If the vessel 15 spot radiographed the scamless
WII\“\ ™ with plug welds 0.50 weads convex 1o pressure Lo vessel sections and heads joined with buil welds
shells not over /8 in, re- shall be designed using a stress velue equal 1o BS
uired thickness, only with percent of the allowable stress value prescribed for
‘ wuse of fillet weld on inside of :'hfl maierlsl- UW-12 (b). Ses cxample on the
6 . shell; or (b) for attachment P L LA oy jeally i
- . vessel radiographically is not examined, and
of neads having pressure on the joint efficiencies given in column (c) ate used
Single full filiet lap joint e‘.th'ﬁl' ?id_e. to she Is not over in all ather than welded }oint calculation, a stress
without 24 in. inside diameter and not value equal to 80 percent aliowed for the material
ug welds - - 0.45 over 1I4in.required thickness .}gllllll be used. UW-12 {c). See example on the
P with fillet weld on outside of awing pege.
! T head flange only. :
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VOLUME OF SHELL & HEADS

1D,

HEMIS. HEAD*

ASME F & D. HEAD*
V;)siei : We. of Wt. of
) Cu.Ft. Gal. Bbl. Water | Cu.Ft. Gal. Bbi. Water
in. ib. ib.
12 0.08 ! 0.58 0.01 483 0.26 1.96 | 0.05 16.34
14 0.12! 094 0.02 7.83 0.42 3.11 | 007 25.95
16 0,191 1.45 0.03 | 12.08 0.62 464 | 0.1 38.74
18 0271 2.04 0.05 | 17.00 0.88 6.61 | 0.16 55.16
20 0.37) 2.80 0.07 | 28.33 1.21 907 | 022 75.66
22 0.50i 3.78 0.09 | 31.49 1.61 | 12.07 | 0.29 | 100.7
24 | 065| 4.86 0.12 | 40.49 209 | 1567 | 037 | 1307
26 0.82| 6.14 0.15 | 51.15 266 | 1992 | 047 | 166.2
28 1.10 | 821 0.20 | 68.40 333 | 2488 | 0.59 | 207.6
30 130 9.70 0.23 | 80.81 409 | 3060 | 0.73 | 255.4
32 1.64 | 1230 0.29 1025 496 | 37.14 | 0.88 | 309.9
34 1.88 14.10 0.34 117.5 595 44.54 1.06 3N
36 215 | 16.10 0.38 | 134.1 707 | 52.88 | 1.26 | 441.2
38 275 | 2060 | 049 | 1716 831 62.19| 148 | 519.0
40 3.07 | 23.00 055 | 1916 | 970 | 7253 | 1.73 | 6053
42 3.68 | 27.50 0.65 | 229.1 1122 | 8397 ! 2.00 | 700.7
48 5.12 | 38.30 0.91 |319.1 16.76 | 125.3 298 | 1046
54 7301 54.60 130 | 4549 23.86 | 178.5 425 | 1489
60 10.08 | 75.40 1.80 |628.2 32.73 | 2448 5.83 | 2043
66 13.54 101 241 | 8439 43.56 | 325.8 7.76 | 2719
72 17.65 13z 344 | 1100 | 5655 14230 | 10.07 | 3530
78 | 2232 167 398 | 1391 7190 | 537.8 | 12.80 | 4488
84 | 2847 213 507 | 1775 89.80 | 671.7 | 16.00 | 5606
90 | 35.56 266 633 | 2216 | 1104 |8262 | 19.67 | 6895
96 i 42.51 318 757 | 2649 | 1340 | 1003 | 23.87 | 8368
102 | 52.14 390 929 | 3249 | 160.8 | 1203 | 28.63 | 10037
108 | 6096 | 456 | 10.86 | 3799 11909 | 1428 | 34.00 | 11914
114 | 73.66 551 1 13.12 | 4590 | 2245 | 1679 | 39.98 | 14012
120 || 84.35 631 | 1502 | 5257 {261.8 | 1958 | 46.63 | 16343
126 || 9732 778 | 1733 | 6065 | 303.1 | 2267 | 53.98 | 18919
[132 [1087]| 813 | 1936 | 6773 }3485 | 2607 |62.06 | 21752
138 || 127.0 950 | 22.62 | 7915 (3982 | 2978 | 70.91 | 24856
144 | 1479 1106 | 26.33 | 9214 [4524 | 3384 | 80.57 | 28241

*Vslume within the straight flange is not included

[14]-



359

AREA OF SURFACES
(In Square Feet)
Outside Cylindrical 2:1 ASME Hemis- Flat
Diameter Shell per Ellipsoidal { Flanged and pherical Head
of Vessel Lineal Foot Head Dished Head Head
D inches {w xD) | (1.09x D?) (0.918 x D) (1.5708 x D2) (0.7854 x D2)
12 3.14 1.09 0.92 . 1.57 0.79
14 3.66 1.48 1.25 2.14 1.07
16 4.19 1.94 1.64 2.719 1.40
18 4.71 2.45 2.067 3.53 1.77
20 5.23 3.02 2.56 4.36 2.18
22 5.76 3.66 3.10 5.28 2.64
24 6.28 4.36 3.68 6.28 3.14
26 6.81 5.12 4.32 7.08 3.69
28 7.32 592 5.00 8.55 4.28
30 7.85 6.81 5.76 982 4.91
32 8.37 7.76 6.53 11.17 5.58
34 8.90 8.75 7.39 12.11 6.31
36 9.43 9.82 8.29 14.14 7.07
38 G.94 10.93 921 15.75 7.88
4 10.47 12.11 10.20 17.44 8.72
2 11.00 13.35 11.25 19.23 962
48 12.57 17.47 14.70 2513 12.57
54 14.14 22.09 18.60 3181 15.90
60 15.71 27.30 23.60 39.27 19.64
66 17.28 33.10 27.80 47.52 23.76
72 18.83 39.20 l 33.00 l 56.35 28.27
78 20.42 46.00 38.85 66.37 33.18
84 21.99 53.4G 45.00 76.97 38.49
90 23.56 61.20 51.60 88.37 44.16
96 25.20 69.80 58.90 100.54 50.27
102 26.70 785.80 66.25 11343 56.25
108 28.27 88.25 74.35 127.25 63.62
114 29.85 98.25 83.00 141.78 70.88
120 31.50 109.00 92.00 157.08 78.87
126 3299 120.11 100.85 173.20 86.59
132 34.56 132.00 111.50 190.09 95.03
138 36.20 144.00 121.50 20776 102.00
144 37.70 157.00 132.20 226.22 113.50




Structural Assessment of a Hazardous Waste Storage Tank
for Hukill Chemical Company

Spent Acid System - Spent Acid Tank
Exhibit D-9

Extrapolation of Values for Constant K;
Reference [19-pg 76]

g Kg : Difference  Increment
Extrapolated = 90° 0382 :
Values 0.067
100° 0.449 0.007
0.074
? 110° 0.523 0.006
0.080
L 120° 0.603 : 0.006
0.086
Table 130° 0.689 0.005
Values 0.091
140° 0.780 0.005
0.096
150° 0.876 0.004
0.100
160° 0.976 0.003
0.103
170° 1.079 ' 0.001
0.104
180° 1.183
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Structural Assessment of a Hazardous Waste Storage Tank
for Hukill Chemical Company

Spent Acid Svstem - Spent Acid Tank
Exhibit D-9

Extrapolation for Values for Constant K,
Reference [19-pg 76]

6 K, Difference Increment
Extrapolated ~ 90° 0.859
Values 0.053
100° 0.846 0.007
0.046
110° 0.800 0.006
0.040
Table 120° 0.760 0.006
Values 0.034
130° 0.726 _ 0.005
0.029
140° 0.697 0.005
_ 0.024
150° 0.673 0.005
0.019
160° 0.654 0.002
0.017
170° 0.637 0.004
0.013

180° 0.624

A"
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Consultants, Inc.

July 7, 1988

BEukill Chemical Corporation
7813 Krick Road
Bedford, Chio

Atten: Mr. Ed Price Hukill Chemical Corporation
Tank Farm Expansion )
Bedford, Ohio
EDP/TRIGGS #88166

Gentlemen

We have completed subsurface exploration work for the proposed
Tank Farm to be added to Hukill Chemical’s existing facility in
Bedford, Ohio. Three copies of our "Report of Subsurface
Exploration are enclosed for your use and distribution.

We have recommended that the propose tank support/containment
slab be supported by conventional strip footings. The footings
are to be excavated through any £ill to bear on undisturbed soil.

We are ready to provide the necessary plan and specification
review and construction observation and testing services as
described in this report. These services are important to this
project's successful construction and performance.

If you have any gquestions about the findings or reccommendations
of this report, or require additional geotechnical services for
this project, please call us.

Very truly yours

EDP/TRIGGS Consultants, Inc.

£ SN

John E. Dingeldein, P.E.
Project Engineer

lan J./Esser, P.E.
Reviewi Engineer

Gectechnical - Construction Materials Engineers
34025 Chardon Road, Willoughby Hills. Ohio 44094 - Phone {216) 585-1320

~
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l. Scope of Report

This report presents the results of a subsurface exploration for
a tank farm addition to the Hukill Chemical Corporation facility
in Bedford, Ohio. Subsurface conditions were identified by a
field exploration program consisting of 3 borings in the tank
foundation area supplemented by borings made during preV1ous
explorations at the site. Selected soil samples were tested in
the laboratory, and field and laboratory tests were interpreted,
resulting in recommendations for foundation design.

2. Proposed Proiject

From information provided by Mr. Ed Price, we understand that a
reinforced concrete slab with above grade concrete retaining
walls is proposed for constructicn. The slab will measure
approximately 35 feet by 99 feet in plan dimension. Tt will
support up to 16 steel tanks. The above grade retaining walls
are designed tc help contain leaks or spills. The slab will be
located just north of the existing tank farm.

The preceding information represents our understanding of the
proposed project, and is an important part of our engineering
interpretation of the site explored. 1f this understanding is
not correct or if project conditions change, we must review this
report relative to our recommendations.

3. Site Conditions ¢

The site is located on the north side of Hukill Chemical
Corporation's existing facility at 78613 Krick Road in Bedford,
Ohio. The proposed foundation slab will be located adjacent to
the north side of the existing farm's earth containment dike. A
gravel road passes through the area. A small grass-covered field

is located north of the road. Site topography is relatively"

level in the construction area,

The site is located in a area know for glacial deposits and
shallow bedrock. Residual soils are often encountered below the
glacial deposits and above bedrock. Existing ground water
monitoring wells are located around the site.

4. Field Exploration

Subsurface conditions were studied by an exploration program
consisting of three new Standard Penetration Test borings
supplemented by data from six borings made in 1882. Approximate
test locations are shown on the enclosed Boring Location Plans.

Borings were drilled to depths of 15 feet during the current
exploration. Due to the near level surface grades on the site,
boring elevations were not determined.
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The borings were drilled in accordance with ASTM standards. A
two inch 0.D. split-spoon sampler was driven into the soil using
a 149 1b. hammer dropping 38 inches. The number of blows

regquired to drive the sampler was recorded for each of three, six

inch penetration intervals at each sample location.

Three inch O.D. thin-wall Shelby tube samples were hydraulically
pressed at the following locations and depths:

B~l: 3.5 to 5.5 ft.
B-2; 6.5 to 8.5 ft.

Groundwater was not encountered at the time of the exploration.

The results of this field exploration are presented on the
enclosed boring logs. )

5. Laboratory Testing

Samples were delivered to our laboratory, where they were
examined and classified by a geotechnical engineer following ASTM
Standards. Selected soil and bedrock samples were then tested
according to the following schedule:

TEST SAMPLES
Water Content A total of 11 split-spoon

samples from selected locations

4.9 to 5.4 ft.

Unconfined Compression, B-1;
B-2; 7.0 to 7.3 ft.

with Unit Weight and
Water Content

Water content tests are indicators of soil consistency, strength,

and compressibility. Unconfined compression tests provide data
concerning soil shear strength and bearing capacity. Water
contents, unconfined compressive strengths, and dry unit weights
are listed on the boring logs. Stress-strain curves from

unconfined compression tests are presented on enclosed data
sheets

6. Subsurface Profile

Based upon the subsurface and laboratory data obtained during the
exploration, the soil profile for the tank slab area can be
generalized as £ill overlying topsoil, glacial till and residual
deposits, and shale bedrock. '

Fill was encountered at all of the boring locations within the

Proposed tank farm addition area. Its depth ranged from .

approximately 1-1/2 feet to 6 feet. The f£ill material was
variable in composition.

)
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Deposits of glacial and residual soils were encountered beneath
the £fill. These soils were predominantly clays having varying

amounts of sand and gravel size pieces. The clay's consistency

ranged from very stiff to hard.

Shale bedrock was encountered in all of the borings at depths
which ranged from approximately 7-1/2 to 12-1/2 feet. Rock
hardness ranged from very soft to soft.

Groundwater was not encountered in the borings at the time of our
exploration. Groundwater levels, however can be measured using
the existing monitoring wells at the site.

Subsurface conditions at other times and locations on the site
may differ from those found at our test locations. If different
- conditions are encountered during construction, it is necessary
that you contact us so that our recommendations can be reviewed.

7. Engineering Interpretation and Recommendz=tions

We have interpreted the subsurface and laboratory data relative
to the proposed construction. Several foundation alternatives
were reviewed with Mr. Price prior to completing this report.
The recommendation presented, in our opinion, represents the best
approach based upon the geotechnical and environmental concerns
of the project.

A. Foundations

As we discussed, there 1is £ill placed over the proposed tank
concrete slab area. This fill is quite variable in consistency
and composition and is not suitable for foundation suppert. The
slab should either be supported structurally, or may be
constructed con new engineered fill. The engineered fill solution
has been ruled out due to the amount of soil which would have to
be removed and disposed of.

Several foundation systems for supporting the 35 by 96 ft slab
were considered. Due to environmental considerations, .a shallow
strip footing system was considered most practical for supporting
the slab. Strip footings should bear on very stiff to hard
brown lean clay below any fill. The borirgs indicate that the
bearing soil may be encountered at depths of 1-1/2 to 6 feet
below existing site grades. Footing depths should be no
shallower than 3.5 feet below grade for protection against frost
related heave. Footings may be proportioned for a maximum net
allowable bearing pressure ofl4,99ﬁ psfl The concrete slab
should be designed as an unsupported slab with zll loads being
transferred to the footings. The footing trenches should be
cleaned of all loose cuttings and free of water prior to placing
concrete. The top of the slab could be set at an elevation which

would allow the spoil from the footing excavations to be used as
compacted f£ill beneath the slab.
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B. Construction Observation and Testing

A soils technician working under the direct supervision of the
project geotechnical engineer should be present during foundation
construction, to verify compliance with the recommendations
contained in this report.

The technician's duties would include, but not be limited to:

a. Identifying proper quality bearing materials.

ba. Observing the foundation bearing surface and bearing depth,
and verifying that excess water, mud, and loose soil has
been removed.

C. Checking'the placement of reinforcement.

d. Sampling and testing concrete for compliance with the
project specifications.

C. Remarks

The recommendations and observations contained in this report are
professional estimates based upon data which are assumed to be
representative of the site studied. Variations in subsurface
conditions may occur below or between the locations tested. This
report was developed in accordance with currently accepted
engineering practices at this time and location.

8. SiQnatﬁres

- Ao 25

John E. Dingeldein, P.E.
Project Engineer Rev1ew1ng Englneer
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STORAGE QF UQUIDS 6-87

Table 6-52. Volume of Partially Filled Horizontal Cylinders

foble 62518 Volume of Cylinders, 10 to 98 Ft. Diameter®

_'piam., Diam,, Diam., 1 Diam.,

“poin. | Gal/ft || fr in | Galjit || f | Gal/ft.]| £ | Gal/ft

o 0| S8 [17 6| 1799 || 30 | 5288 55 | 17.770
3 817 118 O 1,904 31 5,650 56 18,420
g 848 118 & 2011 32 6,020 37 19,090
9 879 {119 O 2,121 33 6,400 58 19,760
0 711 ||19 8 2,234 M 6,790 59 20,450
3 744 |20 © 2,350 33 7200 60 21,150
8 777 i|20 6 2469 36 7,610 62 22,580

-9 B8l1 21 ¢ 2591 37 8,040 64 24,060
0 846 H21 6 2,716 38 8,480 &8 25,590
3 882 (22 O 2,844 39 8,940 68 27,170
6 918 |[22 & 2974 40 9,400 70 28,790
9 955 (|23 ¢ 3,108 41 8,880 72 30,460
Q 993 (|23 & 3244 42 10,360 74 32,170
3 1,031 |i24. © 3,384 43 10,360 76 33,930
] 1071 {24 & 3,526 44 11,370 78 | 35,740
9 L111 (|25 © 3,672 45 11,900 B0 37,600
0 1,152 || &5 €& 3.820 46 12,430 82 39,500
3 1193 |j26 ¢ 3972 47 12,980 84 41,450 -
] 1235 {126 6 4,126 48 13,540 86 43,450
9 1278 {127 @ 4,283 49 14,110 83 45,500
‘o 1,222 || 27 & 4,443 S0 14,690 90 47,590

6 1,411 128 O 4,606 51 15,280 92 49,730
0 1504 128 6 4,772 52 15,890 94 51,910
6 1,599 |28 0 4,941 53 16,500 96 54,140
0 1698 || 23 6 5113 | 54 17,130 98 56,420

“*Gal./ft. = S5.875D%, where ) = diameter, ft.

B
mmerically to «/57.30. Table 652 gives liquid volume, for a
ifé.rt:ially flled horizontal cylinder, as a fraction of the total volume,
for the dimensionless ratio H/D or H/2R.

*The volumes of heads must be caleulated separately and added

. to the volume of the cylindrical portion of the tank. The four types
- ‘of heads most frequently used are the standard dished head,” tori-

.spherical or A.S.M.E. head, ellipsoidal head, and hemispherical
head. Dimensions and volumes for all four of these types are given
in “Lukens Spun Heads,” Lukens Steel Co., Coatesville, Pa. Ap-
proximate volumes can also be caleulated by the formulas in Table

- "The standard dished head does not comply with the A.S.M.E. Pressure
Vessel Code,

Table 6-53. Volumes of Heads
{Use consistent units)

Fraction Fraction Fraction ' Fraction

H/D | ofvolume || H/D | of volume || H/D | of volume || H/D | of volume
001 | 0.00169 ;026 | 020660 ||0.51 ) 031273 || 0.76 | 0.81545
02 00477 27 23784 52 52546 77 82625
03 00874 .28 22821 53 33818 .78 83683
04 01342 29 24070 54 55088 .79 84734
03 .01869 30 25231 53 56356 80 85762

.06 .02450 31 26348 58 57821 81 86771,
Q07 03077 32 27587 87 58884 82 87760
08 03748 a3 28779 58 60142 1. 83 88727
.09 D458 34 29881 59 61397 84 89673
10 05204 33 31192 60 62647 85 50584
A1 05983 .36 32410 .61 63852 86 91491
2 06797 37 33636 B2 63131 87 92361
A3 07639 .38 34869 .63 66364 B3 83203
14 08509 38 36108 64 .ET390 85 94015
13 094086 40 37353 .65 68308 80 94796
.16 10327 41 38603 66 L0019 81 95542
A7 11273 42 39858 67 71221 62 906252
A8 12240 A3 41118 B8 72413 93 26922
.19 13229 A4 42379 B89 73652 94 97350
20 14238 45 43644 .70 74769 95 98131
-21 15268 A6 A4012 Tl 75930 .96 98638
29 16312 En 46182 72 7079 .97 59126
23 I7373 A8 47454 T3 78216 98 88523
24 18453 49 48727 74 79340 89 99831
25 19330 30 50000 NE 80430 || 1.00 | 1.00000

6-53. Consistent units must be used in these formulas. It should
be remembered that volumes are given for one head but that usualiy
two heads are involved.

A partially filled horizontal tank requires the determination of
the partial volume of the heads. The Lukens catalog gives approxi-
mate volumes for partially filled {axis horizontal) standard, A.S.M.E.,
and ellipsoidal heads. A formula for partially ffled heads, by Doo-
little [Ind. Eng. Chem. 21, 322-322 (1928)], is

V = Q.00093H(3R — H) (6-46)

where ¥V = volume, gal; R = radius, in.; and H = depth of liquid,
in. Doolittle made some simplifving assumptions which affect the
volume given by the equation, but the egquation is satisfactory for
determining the volume as a fraction of the entire head. This

Knuckle
radius L8
Type of head Ty h L Voluie Error Remarks
Standard Approx. | .-.... Approx. .-\pprox.Du w10 h varies with ¢
dished 3 D, 0.0500% + 1.65:07
Torispherigal 0.06L | ...... D, 50.08{)95‘ =01 r; must be the O —
——&ze o7 ASME. — larger of 0.06L
Torispherical 3t L ... D, Approx. 0.313hD% fot] and 3t
or A5ME, o
Eltipsoidal | ..oooo 1 ceees bl wD¢h/6 0
Ellipsoidal | ...... D/ 7B 24 0 Standard propertions
Hemispherical | ...... D2 D, /2 xD¥/12 4]
Conical | ..o | veeees | il D7 + Did + d9/12 [ Truncated cone
& = height
o = diameter at
smail end

2
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table 6-56. Vessel Design Farmulas for Interncl Pressure

PRESSURE VESSELS 6-93

Description " Formulas Notes
dricat sheil t R r Sk Circumferential stress {longitudinz] joints) when t does not
g e = — = !
Cytindrica SE « 0.6P R4 08¢ exceed 0.5R or P daes not exceed 039555
PR 2SE:
. | L — TP T When ¢ does not exceed 0.356R or P does not exceed 0.6655E,
Spherical shell 2SE — 0.2P P =T : > "
PL 25E: When ¢ does not exceed 0 ed
. . d b=t _ es not exceed (.I56L or P does not exce
Hemispherical hea 2SE —0.2P =TI iosr 0.865SE. I = inside radius.
PD 25Er - . . .
imsoi d iellipsoidal P —rrr—— = Far semiellipsoidal heads in which b = D/4.
Biipsoidal head {semicilipsoidal 25 — 0.2P D +02t proes” /
- PDK SE:
5 ——r—— P=——— For valves of D/h from 2 to 6, K =} 2 + (D/2RY].
25E — 0.2P DK + 02t /h from 2 to e X 2 + (D/2A7]
Torispherical (spherically dished) head - _OB885PL P= __SE For standard A.S.M.E. heads in which min. knuckie radius =
SE — 0.1P. 0.385L + 0.1¢ 6% of inside crown radius but is not less than 3. L mnst
! nct exceed D + 2p, -
¢=— FLM - — _ 25E: For valves of L/r from 1 to 16%. M =3 + VL/7.
25E - 0.2P LM 4+ 0.2¢ r must be at least 3¢ and 0.06 x (D + 2. L must not
. exceed D o 22
Conical head without fransition knuckle t= Db = 23Etcos o A reinforcing ring may be required. See Code paragraphs
2 cos a{5E ~ 0.6P) D12t cose UAS (b} and (). Applicable for a« < 30°.
a
: =1
V.Ih‘bm.endature:

';A "¢ = shell or head thickness, in.
+ P = pressure, Ib./sq, in.
- -i§ = allowable stress, 1b./sq. in.
. E = joint efficiency, dimensionless
R = ipside radius, in.

"D = inside diameter of head skirt, or inside length of major axis of an ellipsoidal head, in.

* h = inside depth of an ellipsoidal head, in.
+ # = inside knuckle radius of a torispherical head, in.

'L = inside radius of herispherical head or inside crown radius of a torispherical head, in.

{(Appendix). There are aise rules for apenings in fat heads and for
closely spaced openings.

Reinforcement may be added by welding rings of plate or bar
around the opening, Sometimes a heavy ring may be inserted in
20 opening in the shell, as shown in Fig. 6-1350. Although this
b accepted by the Code, it is not favored. Another type which
E wed, particulariy in high-pressure vessels, is a forged nozzle

knserted as shown in Fig. 6-135h. This is an excellent design and
the weld can be radiographed.

The Code daes not limit the size or shape of openings. It does,
Im"'\r'ever, have special rules and recommendations for openings of
¢ertain shapes and sizes.

Flange design procedures are specified by the Code for joints

t are circnlar in shape and have the gasket located inside the
olt circle. In such fanges there is 4 moment arm between the

circle on which the bolt force W is applied and the cireles on which
® Oppasing gasket force H, and hydraulic thrust H,, are applied.

A 's principle is illustrated in a simplified way in Fig 6-136c.
Ctual flange calenlations may involve additional forces.

"‘PPIYI'ng the forces H; and H, with their corresponding moment
Ens hg and hy, produces bending moments which try to turn the
= dSB_ inside aut. If the flange does not have sufficient strenath
iy Tgidity to resist these moments, its cross section will rotate

Pugh to open g gap at the gasket and permit leakage, This is

eusgated in an exaggerated view in Fig. 6-136b. Appendix 11 of
ale IOd_e contains detailed procedures, gasket data, and curves for

'I}hx ating flange foads, moments, and stresses.

The i:xtCOde classifies fanges in two basic types—integral and loose.
tome tegml't}’!)e flange is constructed in such a way that it ebtains
ichs rength from its hub and from the nozzle or vessel wall to

% is attached. . Loose-type flanges are attached in such a

manner that they cannot safely be assumed to obtain strength in
this way. They must resist all of the.moment internally. Section
VIII, Division 1, has a third category, called optional-type fanges.
Examples of all three types of Sanges are shown in Fig. 6-137. (See
Code Par. UA-8.)

Code flange design, as specified in Appendix II, involves the
calenlation of two types of loads, minimum required boit load for
gasket seating, and minimum required holt load for the operating
conditians. When a joint is initially put together, it is necessary
to apply sufficient force on the gasket to make it conform to the
surface of the flange. Code Table UA-49.1 gives suggested values
of minimurn design seating stress which is necessary to “yield” each
particular type of gasket and make it conform to the fange surface.
These stress values vary from 0 for rubber to 26,000 Ib./sq. in. for
stainless steel. The minimum required bolt load for gasket seating
is determined by applying this stress to a preseribed fraction of the
gasket area {calculated by formula). The flange and bolting are
designed to carry this load (as well as the resulting mement), using
the stresses allowed in the materials at atmospheric temperature.
The entire gasket area is not used in caleulating seating load,
because the deflection of the flange causes it to bear mest heavily
at the outer edge of the gasket.

‘When a joint must withstand internal pressure, the Code assumes
that leakage will not occur if the flange bears against the gasket
with & pressure that is a certain multiple of the internal pressure
in the vessel. This multiple is known as the gasket factor. Code

Table UA8.1 gives suggested values which vary from 0.5 for soft

rubber to 2.0 for Y-in-thick compressed asbestos and to 6.5 for
stainless steel. If internal pressure is 100 Ib./sq. in. and gasket factor
is 2.0, then the flange must exert a pressure of 200 1b./sq. in. against
the gasket. Applying this pressure to 2 specified portion of the

22+



TABLE 20  Formulas for membrane stresses and deformations in thin-walled pressure vessels

NoTarion: P = axial load (pounds); p = unit load (poumds per finear inch); ¢ and w = unit pressures (pounds per square inch); § = density (pounds per
cubic inch); ¢y = meridional stress (pounds per square inch); 0, = circumferential, or hoop, stress {pounds per square inch); £y = radius of curvature
of a meridian, a principal radius of curvature of the shell surfuce (inches); Ry = length of the normal between the point on the shell and the axis of
rotation, the second principal radius of curvature {inches); R = radius of curvature of a circumference [inches); AR = radial displacement of a circumlerence
(inches); Ay = change in the height dimension y (inches); = rotation ol a meridian, positive when AR increases with y (radians); E = modulus of elasticity
(pounds per square inch); and » = Poisson’s ratio

Case no., form ol vessel Masener of loading farmukas
. . gl .
2, Cone 24, Uniform internal or exter- | 0y = ——— .
nal pressure, ¢ th/in® tan- eose '
gential edge suppont I ¢R
N 2= feoda
’Rf a qR? ¥
s A {ar=2E—(1-2)
{i—‘ Elcosax 2
gR* 2
Ay = — 1 — 2 = Dian®n
L Y 1K 50w ¢ an ’
It tan o
q—’ T 2Ercosa

8
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INSTRUCTION MANUAL
PRINCO MODEL L3502
NULL-KOTE
PROB-A-LARM

1020 INDUSTRIAL HWY.
SOUTHAMPTON, PA. 18966




MODEL 3502 CONTROL WITH PROBE

ILLUSTRATION OF EQUIPMENT



SECTION 1
DESCRIPTION

Princo’s Model L3502 Point Level Control is truly universal
in its ability to work with practically all process.control
type liquids and materials. 1Its unique circuit design forms-
the basis for Princo’s Null-KoteTM system, which ignores
build-up, even conductive coating on the sensing probe.

Operating on RF (Radio Frequency) Impedance sensing principle,
the L3502 will detect the presence (high level) or absence
(low level} of virtually any material or liquid in any type
of storage bin or tank. Likewise, it may be made Fail-safe
in either high or low mode. Because of its excellent
stability and wide range sensitivity, the L3502 will operate
in conjunction with process materials which range from low

dielectric products such as refined oils to conductive
slurries,

The Model L852 sensing probe is the standard probe (others
optiocnal) employed by the L3502, Its sensing and guard ]
elements are constructed of 316 stainless steel. Insulating
sections are made of molded epoxy resin. This probe is

suited to a wide range of applications, including many having
corrosive process materials.



SECTIOH 2
SPECIFTCATIONS

TYPE

Point type (on/off), high frequency (RF}, impedance sensing,
all solid state level controller,

SENSITIVITY

Senses capacitance as low as 0.15pF and material-with

dielectric constant as low as-1.S. Sensitivity may be
decreased to approximately 1000pF.

AMBIENT TEMPERATURE RANGE
~40 to 150°F (-40 to 66°C)
TEMPERATURE STABILITY

Temperature coefficient is 0.0025pF/°F (0.0045pF/°C).
RELAY CONTACTS

Two sets of form C contaces,

rated as 10 amperes, 1i5vV AC
or 26V DC, resistive load.

DELAY TIME AND DELAY MODE OPTIONS

Standard delay is 0 to 30 seconds, standard mode is delayed
turn-on and delayed turn-off. Optional delays are ¢ to 18 or
0 to 60 seconds. Optional modes are delayed turn-on-with
instant off, or delayed turn-off with.instant on.

POWER REQUIREMENTS

85 to 125V AC, 50 to 60 Hz, 5 watts, or 24vVdec +10%, or 1l2Vdc
+10%, 5 watts. (Select applicable power source) .

ELECTRONIC HOUSING

Heavy duty cast aluminum. Zxplosion proof Class 1, groups
C & D, Class II, Groups E, F & G. Weatherproof, FM Approved.
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CORROSIVE ENVIRONMENTS

DESCRIPTION

Soxirane® C2033 is a two componernt polymer system.
It is an organic-inorganic thermoset polymer having an
oxygen-io-¢carbon linkage with 2 very dense, highly
cross-linked molecuiar structure. The absence of
problematic hydroxyt and ester groups makes Si-
joxirane impervicus 10 a wide range of corrosive and
erosive materials. Excellent for sulphurnic acid service
from 1% o 98%.

APPLICATIONS

Siloxirane® may be used on steei substrate that has
been properly prepared, on alioys, glass, concrete,
wood, plastics, etc.; it can be appiied by spraying,
trowelling or brushing. Although normatly cured at 180-
200°F, Siloxirane® 2033 can be cured at ambient
temperatures (§0°F and above). This makes i espe-
ciafiy suitable for use on structural steel, concrete
dikes, concrete acid and wasie waier pits, eic., where
curing at elevated temperatures is difficuli or impracti-
cal Itis capable of handiing acids, akalies and
solverts.

SUMMARY OF BENEFITS
- Bmad range of chemical resistance

- Steam cleanable

- Unique temperature span: -80°F to +200°F
«  Non-ahsorberd

« Coefl. of expansion similar o that oi stainless stesl
» Maintains a tough, hard surface

« Easily paiched by maintenance personnel

« Quistanding abrasion wear resisiance

- Excslient adhesion, even with flexing

. Complies with FDA 21 CFR 177.2420

/IDVANCED

Avon OH 44011
POLYMER SCIENCES, INC. Phorne 800-334-7133

TYPICAL PROPERTIES

L

L]

®

= Sobds by Volume
- Solids by Weight

o Chromaie Corgers Zem

Finish

Weight per Galion 11.0 bs.

v.0.C. Level
Lead Content

Kit Size

Activator

Pot Life

Viscosity

Flash Poirt

Theoretical
Coverage

= LINING FOR SULPHURIC ACID SERVICE AND
REQUIRING AMBIENT CURE

Qyster _me

0.85 bs. per galion
Zero

3 (afions 2061 Resin
35.2 Ounces C2033 Catalyst

C2033 Catalyst

1.5 hours at 80°F and
50% rel, b

Reduce with MEX 1o 12-12
seconds with a Zahn 5

53°F

s i s

8§6.9%

92.8%

1360 sq. fi. per
gal. at 1 mé OFT

« Recommended DFT  10-13 mils dey

a

12-14 mils wat

(1 or 2 coat applic. - see directions)

Shetf Lie

Telex 985504

216-937-5046

One year minimum when
stored at 50-90°F




+ Tensie Strength 40°F 12500 p.sd. o Lap Shear Strength SPFF 2280 psi
{ASTHIE DE38) 75F 11.340psi {Adhesion) 75%F 2.720psli
(ASTM 1002} 3EFF 1.954psi
« Flexural Strength 18,850 p.el 835F 1.180psi
Flaxural Modukss 0.Bi6 ksl
(ASTH D780) . Heat Deflection Temp. 264 p.sd. 300°F
(ASTM DE48)
« Water Absorbifon (30 daysin
(ASTM D570} 88°C Water) 0.25% » Tensile Moduius -40°F 0.68 msl
(ASTM D63F) - 75°F 0.8 msi
« Permaabiity - Vapor 0.0000 gm « Elongation 40°F 5.09%
Transmission of Water per sq. ft. per 7 days ' T8F 4.38%
at 90°C for 7 Daye per inch thickness , -
+ Hardness _ 75-78 Barcol
« Thermnai Proparties:
Costt. of Thormai Expansion 19 « Impact Resisiance 37 invibs
-50°C to 150°C (ivin~C x 109 (ASTIE D2794)
(ASTM D638) .
Coeff. of Thermai Conductivity 80x10* e U.V. Light Resistance 40+ years
(ASTM D2214) {caVsec. ¢, °C.om) (ASTM GS53}
2RINCIPAL USES

- Water white sulfuric acid service. SILOXIRANE® C2033 offers protection {0 a wide range of equipmerd such as
tanks, reactors,pumps, scrubbers, pipes, ducts. wasle water pits, etc., in the following industries:

Chemical and Pefrochemical Processing
Petroleusn Refining

Mining and Smeling

Paper and Puld

Hazarcous Waste Disposal and Managernent
Transporiation

Power Genaration

Sisel )

CHEMICAL RESISTANCE:

Sulphuric acid 10 98% at 200°F, most solvenis inciuding methanol, gasohel, distiied water, norganic acids, dite
organic acids and alkalies. ldeal for comosive vapor environmants.

ADVANCED Avon, OH 44011

POLYMER SCIENCES, INC. Phone 800-334-7193  Telox 985504 Fax 216-937-5046




GENERAL

SEALTIGHT CM-60ns TWO-PART
POLYSULFIDE SEALANT 5 2 gun-
grade, two-COMPONent, non-sag Jout
sealant, composed ofaThnokaP poby-
sulfide liquid poivmerbase It 5 exced-
lent for seaing joints between tilt-up
and pre-cast paneis, for sealing per-
meter jonts of window unns and
joints between curtan wall panels as
well as glanng of metal and glass
panels, flashings. coping joints, etc.
Suitable for all verucat wall jounts re-
gurng 2 high performance seatant.
Also wieal for the sealing, caulkmng
and glazing of ali kinds of pre-cast as-
sembhes. Expansion joimts, window
channeils, doors, sills and ventilators
as well as _foundanons, retaining
walls, swwnming poois, reservors,
wnneis, locks, ste.

i cures within 24 hours to 3 perma-
nent, flexible, rubbar-iike CONSISIENCY
with outstanding stretch. After com-
plete cure, CM-60 will withstand
+12.5% joint movement. n addi-

ton, CM-60 withstands extremes of
repeated joint expansicnveontraction
over a8 practical service temperanse
range of - 20% to + 180°F, and has
Fugh résistance 1o the raveges of
weather, mosture, ozone and cher-
cals, It mamtains an efective

between pracucally all budding ma-
tenals, with simiar and dissendar
substrates, surface texiures and ex-

TReQEIered MDGSMIE H Thoe T Ammae Lo s
Corpan phow

- gy e e PR B

pansion rgtes. including metals, ma-

sonry, glass and wood.

ADVANTAGES

= Exceflent for all joints having move-
mentdue to lemperaiyre changes.

° Cures to 3 flexible. rubbery, non-
sagging, non-stanmg seal wheh
will not harden, crack. or lose ad-
hesion upon agmg.

* Mamntans an gffectwe vond be-
tween pracucally all buiding ma-
tenals, wath suvuiar or cissmvular
substrates, surface textures ang
EXPANSION FAtes.

* Withstands exuemes of repeated
Ot eXPINSION/CONTACTION Ove” 3
wide temperature range.

* Has high resistance 16 ravages of
weather, momisture. ozone and
chermcals.

APPLICATION

Joint Dimensions: CM-60 Sealant is
d&dgned for use i joints having a
mlmmurn width of 1/4°. Perfos-

fmance of the sealant 5 dependent

upon jont design; joint width shoukd
be a2 mimum of Jour times the ang-
cipated joint_movement between
emperature extremes.

Sealant Depth: For optimum sealant
perfarmance, the joint sealant shape

should be controlied to prowde 1:4°
depth rrunamum for joint widths up 1o

12°; for joints between 1/2° and
17, the seslant depth should be 1/2
the joint width; for joints over 1°
wide, sealant depth may be main-
taned 3t 1/27. Contrel seslant depth
by msertng SEALTIGHT Backer Rod,
which alse acis as a bond breaker
prevenung three pont adhesion, i.e.,
adhesion at the bottom of the joint,

Joint Prepasation: Joint surfaces
must be ciean, dry and free of al conta-
mnants, such as cunng compounds,
forrn relesse agents, (ROWECTIVE CO3t-
ings and o, grease of bitumens. all
of whach wil interfere with the adhe-
sion of the sealant.

For New Concrete: Remiove il loose
material by wire brushing. Surfaces
exposed to form release agents ang

cunng compounds should be cieaned

"ty sandblasting or equivEET abrad-
Tihg. Lanance removed by abrading.
Fresh concrete must be _w cured.
For Qid Caoncrete: Al old jomnt seakng
matenats must be rerroved by me-
chanical means. Joint faces contain-

ing absorbed oils or bitumens must g
be ot back 10 glean. sound concrete,

Metal Surfeces: All protective coat-
ngs must be removed by cleaning
and wiping with Methyd Ethyl Ketona
o Xylol; final wipe with clean cloth
and fresh soivent.

Giass Suriscas: Remove oil and dirt
tlms by solvent wiping, using clean

cioth and fresh solvent.
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ChicEPA
State of Ohio Environmental Protection Agency
Northeast District Office

2110 E. Aurora Road TELE (330) 425-9171 FAX (330) 487-0769 Bob Taft, Governor
Twinsburg, Ohio 44087-1969 Christopher Jones, Director

August 21, 2000

Mr. Mike Mraz M Alg 25
Hukill Chemical Corporation W:SIZHEJVI PERy, 2 0o
7013 Krick Road 0. teideg SECTIo,,
Bedford, OH 44146-4493 EPA_ g Toxicg

Re:  Hazardous Waste Permit Modification, Class 14 Notice of Deficiency
Hukill Chemical Corporation, U.S. EPA ID: OHD 001926740
Ohio EPA ID: 02-18-0315, Installation of the Auger, Cuyahoga County

Dear Mr. Mraz:

On July 26, 2000, Ohio EPA received a request for a Class 1A permit modification -
(PITS # 000801-1A-1) from Hukill Chemical Corporation (Hukill). :

The Ohio EPA, Division of Hazardous Waste Management (DHWM) has conducted a
completeness/technical adequacy review of the above referenced modification application, and has
determined it to be incomplete and technically inadequate. This application has been reviewed
pursuant to the rules published in the Hazardous Waste Facility Standards Chapters in the Ohio
Administrative Code ("OAC") and the corresponding Federal regulations.

We have enclosed completeness/technical adequacy comments that are the result of this review as
Attachment 1. Please provide detailed information addressing all areas indicated on the comment
sheets to Ohio EPA within 15 days of the date of receipt of this correspondence. This submission
shall be in accordance with the following editorial protocol or convention:

EDITORIAL PROTOCOL

L. Old language is overstruck. Delete language overstruck in previous versions as necessary
to maintain only current language and its immediate antecedent overstruck language.

2, New language is capitalized.
3. Page headers should indicate date of submission or version designation.
4, If significant changes are necessary, pages should be renumbered, table of contents revised,

and complete sections provided as required.

@ Printed on recycled paper



HUKILL CHEMICAL CORPORATION
AUGUST 21, 2000
PAGE -2 -

5. Each original application, or amended version must be prefaced by an updated "List of
Effective Pages." The purpose of this requirement is to create a standard mechanism to
specify and verify the content of the Part B permit application. Each "List of Effective
Pages™ must contain, at minimum, an inventory of pages for the entire document, posting
directions, and a chronology of versions. The inventory of pages must positively identify
each effective attachment by its page, drawing, figure, or table designation, and, unless an
original page, by its current version designation or date of submission as specified in the
inventory of pages. Attached are two examples of "List of Effective Pages” and associated
page markings. RCRA Engineering Section, Division of Hazardous Waste Management,
Central Office, Ohio EPA may authorize individual facilities to use an alternate method of
specifying the content of their Part B permit application on a case-by-case basis.

6. Each original application, or version must be accompanied by a certification letter as
specified in OAC Rule 3745-50-42(D). -

Please send one copy each to:

Tom Crepeau, Manager Hazrriet Croke, Chief

Chio EPA, DHWM Ohio Permitting Section (HRP-87)
Data Management Section Waste Management Division

122 S. Front Street U.S. EPA, Region 5

P.O. Box 1049 77 West Jackson Boulevard
Columbus, Ohio 43216-1049 Chicago, lllinois 60604

Please send two copies to:

Joe Loucek, Environmental Specialist
Ohio EPA, Northeast District Office
2110 East Aurora Road

Twinsburg, Ohio 44087

In the course of the technical adequacy review, we may request additional information if it is
necessary to clarify, modify, or supplement previous submissions of information in order to

substantively evaluate the permit application for adequacy.

Failure to submit a complete permit application or to correct deficiencies in the application may
result in the following:

1) Revecation of your existing Ohio Hazardous Waste Facility Installation and Operation



Permit;
HUKILL CHEMICAL CORPORATION
AUGUST 21, 2000
PAGE -3 -

2) Denial of the permit application; and

3) Referral of the matter to the Ohio Attorney General's Office for appropriate enforcement
action. ' '

If necessary, Hukill may contact Joe Loucek of the Northeast District Office at (330) 963-1258

within ten (10) days of receipt of this NOD to discuss each of the enclosed comments in order to |
make clear the information being requested. This can be accomplished by a conference call or
meeting,.

Thereafter, any questions concerning the review of this permit application and the le§el of detail
expected should also be addressed to Joe Loucek.

Sincerely,

seph C. Loucek, III
Environmental Specialist
Division of Hazardous Waste Management

JCL:ddw

cc: Harriet Croke, Region V, USEPA
Jeremy Carroll, EU, DHWM, CO
Tom Crepeau, DMS, DHWM, CO
Pam Allen, CAS, DHWM, CO
Joe Loucek, DHWM, NEDO ‘
Frank Popotnik, DHWM, NEDO
Mike Joseph, DHWM, CO



ATTACHMENT 1 - Comments on the Class 1A Modification Reguest for Hukill Chemical

Corporation to Install an Auser Svystem

General Commentis:

1 Red text is not acceptable. The red text is useful for a working copy and from an editorial
standpoint is appreciated. However, the red text does not carry through onto additional
copies Ohio EPA may need to make of the updated pages. The set protocol is as follows:

The Revised Class 1A modification shall be prepared in accordance with the following
editorial protocol or convention:

a. Old language is overstruck. Delete language overstruck in previous versions as
necessary to maintain only current language and its immediate antecedent
overstruck language.

b. New language is capitalized.
c. Page headers should indicate date of submission or version designation.
d. If significant changes are necessary, pages should be renumbered, table of

contents revised, and complete sections provided as required.

e. Each original application, or amended version must be prefaced by an updated
"List of Effective Pages." The purpose of this requirement is to create a standard
mechanism to specify and verify the content of the Part B permit application.
Each "List of Effective Pages" must contain, at minimum, an inventory of pages
for the entire document, posting directions, and a chronology of versions. The
inventory of pages must positively identify each effective attachment by its page,
drawing, figure, or table designation, and, unless an original page, by its current
version designation or date of submission as specified in the inventory of pages.
Attached are two examples of "List of Effective Pages” and associated page
markings.. RCRA Engineering Section, Division of Hazardous Waste
Management, Central Office, Chio EPA may authorize individual facilities to use
an alternate method of specifying the content of their Part B permit application on
a case-by-case basis.

2 The pages should be revised to remove previously approved comments. It is confusing
and inappropriate to not submit a clean copy showing only current proposed changes.

3 Only submit those pages that are directly affected by this current permit modification.

4 Hukill should resubmit the auger class modification determination request information as
part of this class 1A modification request.



Attachment 1
Comments on Auger Installation Modification Request
Page2 of 11

August 21, 2000

Section D Permit Modifications:

5

10

Page 11

Page 22

Page 22

Page 22

Page 23

Page 23

The section entitled, Tanks Storing Hazardous Waste, sixth paragraph,
second line reads "...considered a permiited hazardous waste storage
tank." Until the ORC section 3734.0(2)(G) exemption is approved, the
auger system will treat exempt waste (waste sent to BIFs) only. It is
premature and inappropriate to consider this section a "permitted
hazardous waste storage tank".

The section entitled, Auger System Tank (750 egallon), refers Figure | in
Exhibit D-12. 1t is acceptable to submit a reduced size drawing, as found
in the submitted permit modification request. However, if you do this, the
reduced-size drawing must be modified from the original in that all text is
readable. Please revise Figure 1, making all text readable. Drawing
details specific to the auger should also be clearly visible on the drawing.

The section entitled, Design, paragraph 1, first sentence reads "...haz. waste
JSuel blends." Again, use exempt language when referring to treating
hazardous waste within the auger. This language would be appropriate in
the ORC section 3734.0(2)(G) exemption request, but not here.

The section entitled, Design, paragraph 2 describes the normal flow of
materials through the fuel blending operation. A figure should be included
that matches exactly the descriptions used in the body of this section text
of the layout and operation of the auger system. This may be the purpose
of Figure 1, but in its current font size, this is indeterminable.

Third paragraph, last line reads "...removed for reconditioning or
disposal." Additional information should be included as to any cleaning
procedure which may be followed. Ifit is anticipated that after the auger,
the drums will be RCRA empty, such a comment should be provided.
Since the auger is original equipment manufactured (OEM) equipment, a
contingency should be included in the event the drums are not RCRA
empty after the auger.

The section entitled, Management, second line reads "... will be cleaned
periodically." Periodically must be defined (e.g., weekly, monthly) and
why this interval is chosen. Please note, "as needed” is not an appropriate
way to define periodically, nor is it a suitable substitute.



Attachment 1
Comments on Auger Installation Modification Request

Page 3 of 11
August 21, 2000
11 Page?23
12 Page 23
13 Page 24
i4 Page 24
15 Page 24

The section entitled, Inspections, second sentence reads "The containment
is the same..." Some reference should be made to where the steel floor is
already described within the permit.

The section entitled, Inspections, second sentence also reads "...will be
inspected (along with the tank)..." Therefore, the inspection log needs to
be updated and included as a page change with this modification request.

The section entitled, Requirements for Ignitable or Reactive Wastes, first
paragraph again refers to "hazardous waste" stored in the auger system
tank. The language should be revised to state it will only manage exempt
waste (waste sent to BIFs). i o

Space is needed between first and second paragraph. A period is needed at
the end of the second sentence.

The section entitled, Requirements for Ignitable or Reactive Wastes,
second paragraph, first line reads "...is a restricted areqa." This is already
described in detail within the permit. The appropriate sections of the
approved permit should be referenced here.

Section F Permit Modifications:

16

17

18

Page 10

Page 10

Page 13

Comparing page 10 of the permit (section F-4a(2) - Unload To Recovery)
to the proposed changes, the pages do not "match”. Page 10 of this
submittal should start with "Container Building. As detailed in Section
D..." as it does on the existing page 10 (from the permit).

Second full paragraph, line four discusses use of a drip pan under the
conveyor. Please provide detail on the drip pan, including, but not limited

to material of construction, size, etc. The extent to which the drip pan
provides overspill collection should also be shown on the figures.

First full paragraph, third line reads "...handling equipment will be
reviewed..." The fourth line reads "Hear sensors will be integrated..." A
time line for these activities and final report documenting the final

installation should be submitted to Ohio EPA. The paragraph should be

revised to reflect this addition.



Attachment 1
Comments on Auger Installation Modification Request
Page 4 of 11

August 21, 2000

Part B Permit Modifications:

19

20

21

Page 27

Exhibit A

Exhibit A

"insert Exhibit A" should all be capitalized.
The entire paragraph should all be capitalized.
Fourth line reads "...tank contents is pumped..." Detail as to specifically

where the contents are pumped, and how they get there should be included
here.

Exhibit D-12 Comments:

22

23

24

25

26

27

28

Introduction

Introduction

Introduction

Introduction

Introduction

Page 7

Page 7

Second paragraph, first line reads "...plans to installed.." "installed" is a
typo and should be corrected.

In the second paragraph, the auger system is referred to as "Auger System".
In the third paragraph it is referred to as the "Auger/Pulper System". Since
neither term is defined, either define both, pointing out the differences, or
settle on one term. '

Third paragraph, first line reads "...within the containment areq..." That
should be revised to make it clear the containment already exists.

Third paragraph, third line refers to Figure 1 on the following page. Please
see comment number 6 above.

In the fourth paragraph, Hukill should make it clear that the steel
containment is existing.

Auger System Tank, section 1, first paragraph, first line reads "...will be
equipped..." Details as to when the fire suppression system will be
installed should be included. Detail should be included as to whether or
not this system needs to be installed/certified by a professional, and the
supporting rationale for that decision.

Auger System Tank, section 1, first paragraph ends with "fire water
storage tank". The second paragraph begins with "Tank filling". Obvious
from the text of the second paragraph the discussions are of two different
tanks. This needs to be made clearer.



Attachment 1
Comments on Auger Installation Modification Request

Page 5 of 11
August 21, 2000
29 Page 7
30 Page 7
31 Page 7
32 Page 7
33 Page 8
34 Page 8
35 Page 8
36 Page 9

Auger System Tank, section 1, second paragraph fourth line reads "...and
taking appropriate action." Appropriate action should be defined.

Ancillary Equipment, section 2 - this section should be revised to provide
detail demonstrating the purpose of the pulper, including detail as to why
it is considered ancillary and not intrinsic to the design of the auger
system.

Secondary Containment, section 3 discusses Figure 1. Please see
comment number 6 above.

Secondary Containment, section 3 also discuss the ex'isting steel Tiner.
Verbiage should be added that makes it clear the liner is already in place.
In light of the first paragraph on page 8, this is important as this will
eliminate any questions regarding precedence.

First paragraph reads "750 gallons..." "...is the minimum required
containment..." This scems inconsistent when compared to section 3.b
which states the 750 gallons "exceeds the minimum containment.” Both
statements should be further clarified.

Third paragraph reads "7he containment is inspected daily and spills
would be..." Since the inspections already occur, would it not be more
appropriate to state that spills are removed within 24 hours? This
paragraph also mentions the daily inspection of the containment area.
Please see comment number 11 above,

Section 3.b, second line reads "...since these tanks..." This document is for
describing the auger tank and system in light of the permit modification
request. It is not appropriate to discuss plural tanks. This paragraph
should be revised in light of comments made above regarding the first
paragraph on this page. You may include reference to the other tanks
within the containment area, so long as specific singular reference is made
to the auger tank system, and its impact on containment capacity.

Corrosion Protection Measures, first paragraph reads "...HHC has
maintained a protective coat..." To Ohio EPA’s knowledge, no
maintenance has occurred on the auger tank to date justifving this
statement.
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37  Page9
38 Page 9
39 Page 9
40 Page 9
41 Page 10
42 Page 10
43 Page 10
44 Page 10

Corrosion Protection Measures, first paragraph, second line reads "As
stated in the..." there needs to be the appropriate reference to that section
of the Waste Analysis Plan (WAP).

Corrosion Protection Measures, first paragraph, third line reads
"...hazardous waste destined for this tank system..." to which tank system
does this line refer, and what is the significance of this statement in light
of a discussion on the auger tank system? Further, since this is in
reference to the auger tank, references to it storing hazardous waste should
be removed.

Corrosion Protection Measures, first paragraph, last line reads ‘"...priar to
or during transfer to the storage tank." To which storage tank does this
line refer, and what is the significance with regard to the auger system?

Corrosion Protection Measures, second paragraph starts with "This fank'
and ends with "...this system.” This paragraph should be revised to
maintain uniformity of descriptions throughout.

Third and Fourth paragraphs, last line in each paragraph reads "...or when
pinhole leaks begin appearing..." Those sentences need to end with
"whichever happens first."

Fifth paragraph states that a of a factor of 2 is used to increase the
minimum plate thickness, as described in the second and third paragraphs
(The 2 is representative of some factor of safety). How was this value
determined from a feasibility, engineering, and regulatory standpoint?
What is the justification for its use versus, say a value of 3.57

Section 1.a - Seismic Considerations - second paragraph, what is the
significance of the factor of safety for seismic forces?

Section 1.c - Frost Heave - in both 1.a and 1.b, a simple definition for the
load is provided according to the OBBC guidelines. It is inappropriate to
remove the definition from 1.a. In order to have uniformity and
consistency in the document presentation, a like definition should be
provided for frost heave.
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45  Pagell
46 Page 11
47 Page 13
48 Page 13
49 Page 13
50 Page 13
51 Page 15

Section 2.a - Full Tank - Hukill should explain why the 1.33 value is used.
Please provide a reference. Where are the calculations for the load on one
leg? Hukill should explain why the soil bearing capacity is used. The
terms were switched from "soil capacity” to "concrete slab floor". Please
change verbiage such that the document maintains consistent use of
terminology. If the soil bearing capacity comes from the strength of the
concrete and underlying bedding, engineering drawings from the
installation of the concrete should be provided, or referenced if already
part of the facility’s hazardous waste permit.

Section 3 - Secondary Containment, second line recads "The fact that ... has
been described as non-critical.” Where has this been done? Please cite
the references where this fact has been determined to be non-critical, being
sure the term "non-critical” is used and defined within the reference
citation.

Section 2 - Non-Destructive Testing - what is the precedent for Hukill
testing the tank thickness annuvally where other tanks at the facility are
tested semi-annually? This section should follow Part B Permit Condition
D.5(d), and permit should be modified to include this item as D.5(e). The
current D.5(e) should become D.5(f). Ifit decided the tank thickness test
will be performed semi-annually, permit condition D.5(d) should be
modified to include the auger tank.

Section 4 - Ancillary Equipment - this section fails to list the pulper as a
piece of ancillary equipment as in Section 2, page 7 of this document.
Further, that same section does not list the drum auger, pipes, valve, and
fittings as ancillary equipment. This discrepancy must be addressed.

Section 5 - [nstallation Certification - According to the previous page
(Certification Statement for Written Assessment for the Design of the Tank
System), the auger system is already installed. As such, the first paragraph
of this section should be dated.

Section 5 - Installation Certification - for clarity, third paragraph should
state why "the placement, backfilling and corrosion due to soil/water
contact is not applicable to this installation.”

The Certification Statement for the Installation of the Tank System has not
been signed/stamped.
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Calculations:
52 Page 1
53 Page 1
54 Page 1
55 Page 2
56 Page 2
57 Page 2
58 Page 2
59 Page 2
60 Page 2
61 Page 2
62 Page 2
63 Page 2
64 Page 3

Hukill should explain from where the 1.33 (maximum use) is used for the
specific gravity.

In the 2" x 2" angle rim weight calculation, Hukill should why 3.19 is
used.

In the shell weight calculations, Hukill should explain why 10.2 and 20.4
Ib/sqft is used.

In the bottom plate weight calculation, Hukill should explain Why 20.8 is
used. Hukill should explain why 1/4" is used.

In the baffle weight calculation, Hukill should explain why 6.6 is used.
Why is the 4x4 used in the leg weight calculation but not the baffle weight
calculation? From the Auger System Tank figure, it would seem to me the

calculations would be similar as the pieces appear similar.

In the legs, weight calculation, Hukill should explain why 8.2 is used.
Hukall should explain why 5/16 is used.

According to the figure, it appears as though the legs have plates welded to
the bottom of each leg. The calculation for the weight of these plates,

could not be found in the submittal.

Hukill should explain why weights for the agitator support framing, shaft,
arms and pulley, motor, and misc. appurtenances is used.

In the weight of liquid in the upper shell calculations, Hukill should
explain why 62.4 is used.

Hukill should explain why volume below the upper shell value is used.

In the weight of liquid below the upper shell calculations, Hukill should
explain why 62.4 is used.

In the tank legs calculation, Hukill should explain why 1.94 sq in is used.
Hukill should explain why radius of gyration is used.



Attachment 1
Comments on Auger Installation Modification Request

Page 9 of 11
August 21, 2000
65  Page3
66 Page 3
67 Page 3
68 Page 3
69 Page 3
70 Page 4
71 Page 4
72 Page 4
73 Page 4
74 Page 4

In the load on one leg calculations, Hukill should explain why 800/2 is
used. Where did this equation is used.

The calculations in 4. Check Tank Legs should follow the format the
engineer used in 5A. |

The calculations in 5A - Calculation of Required Tank Wall Thickness —
Cylindrical Shell, how was an f of 12,600 psi determined? What does the
[2.1] reference? There is no equation called 2.1 within this document.

The calculations in 5A - If there is going to be a nominal thickness term
used, it must be defined or given a value in this document. The obvious
place is under the unit description on page 1 of the calculations.

The calculations in SA - Where is service factor(SF) defined? How,
looking at an SF of 24.0 does one recognize/know that the cylindrical shell
is "OK"? Include a reference to the service factor discussion and include a
24.0> 2.0 (from the textual discussion of service factor) line within this
calculation, to include a brief verbal discussion here.

The calculations in 5B - Longitudinal Force - uses the term "Spring Line".
The diagram marked Appendix A (same as Figure 2) is supposedly the
reference diagram for the calculations. Tt needs to be marked with the
Spring Line.

The calculations in 5B - Longitudinal Force - there is no "A¢" in the
calculation, so why is it defined with the other terms?

The calculations in' 5B - Longitudinal Force - in the calculation to
determine 0, where is the 15" used? It should be defined, or shown
graphically with a sketch (the sketch can be in the margin on that page).

The calculations in 5B - Hoop Force - What is the significance of "2,793
Ib/ft > 1,490 Ib/f"?

The calculations in 5B - Hoop Force - how was an "f" of 12,600 psi
determined? What does the [2.1] reference? There is no equation called
2.1 within this document.
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75 Page 5 The calculations in 5B - If there is going to be a nominal thickness term
used, it must be defined or given a value in this document. The obvious
place is under the unit description on page 1 of the calculations.

76 Page 5 The calculations in 5B - Where is service factor(SF) defined? How,
looking at an SF of 24.0 does one recognize/know that the cylindrical shell
is "OK"? Include a reference to the service factor discussion and include a
24.0 > 2.0 (from the textual discussion of service factor) line within this
calculation, to include a brief verbal discussion here. |

77 Page 5 In calculating the maximum effective area of compression, the calculation
states to use 1.068 as the value instead of 2.0. That decision needs to be
explained. A small table below the service factor calculation on page 6
showing use of 2.0 to be more restrictive is sufficient (with reference to it
on page 5).

78 Page 5 In the Summation of Forces calculation, include references.
79 Page 6 What is the significance of "12,037 psi < 15,000 psi"?

80 Page 7 Under 8. Foundation Investigation, what is the source of the 2'-0"? Why is
2'0" used?

81 Page 7 Under 8. Foundation Investigation, from where does 4,000 psf load
bearing capacity for the slab and soil come? Ohio EPA requires some sort
of proof (drawings, etc.) of such values. If the drawing has previously
been submitted and is part of the permit, it can be included by reference.

82 Page 7 Under 8. Foundation Investigation, from where does the 3,765 Ibs come‘7
That needs to be included.

83 Page 7 Under 9. Containment Curb, what is being called the containment curb?
Figure 3 should be referenced, as it is marked on there, though not clearly
readable.

84 Page 8 Please use proper bibliographic reference format. Attachment 2 is an
example of how reference lists should be formatted.
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85

86

87

88

89

90

91

Appéndix 1

Appendix 1

Appendix 1

Appendix 1

Appendix 1

Appendix 1

Appendix 1

The language in the first paragraph on this page, where it reads "...in the
permitied container storage area." is exemplary verbiage where I ask that
it is made clear that the steel secondary containment is already
permitted/existing (other comments on this list).

The third paragraph, first line reads "...by 4 % inch deep..." This should be
revised to read "...by 4 ¥z inch (0.375 feet) deep..." Doing so eliminates
confusion in the gross volume calculation of where the 0.375' value comes
from.

The third paragraph, first line reads "...of the dike..." This is the first
mention of a dike. This statement should be reworded to maintain
consistency throughout the discussion.

The sixth paragraph, secend line reads "...7.481 gal/ cu fi..." Where does
this value is used, and how does it relate to the 1.33 maximum specific
gravity used throughout the body of Exhibit D-12? Any conversion from
specific gravity to gal/cu ft should be shown.

The seventh paragraph, first line describes an aisle space within the
secondary containment. Please provide, at a minimum a sketch
representing these dimensions. As written, there is room at the bottom of
the page for the graphical representation.

The seventh paragraph, fifth line reads "...4 % inches, (0.375 fi)..." This
should be revised to read "...4 % inches (0.375 f2.),..." The comma is
misplaced.

It is unclear which way the ramp raises. Please provide detail as to
whether the ramp raises up into the steel secondary containment area, or if
the ramp drops down into the steel secondary containment area.
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HUKILL  CHEMICAL CORPORATION

7013 KRICK ROAD « BEDFORD, OHIO 44146-4493 « 440 / 232-9400 < FAX 440 / 232-9477

Over Fifty Years of Quality Products and Services

March 2, 2000 CERTIFIED MAIL

Ms. Harriet Croke

RCRA Permitting Branch A ol 926 T4 L;}

~ / LJ"F“ ol e /
HRP-8] OAD !
77 West Jackson Blvd

Chicago, IL 60604
Dear Ms. Croke:

In accordance with QAC 3745-50-51(C)(1)(a)(ii), this letter shall serve as your notification that
Hukill Chemical Corporation, a permitted Part B facility, has implemented one (1) Class 1A and
three (3) Class 1 permit modifications. Class 1 medifications are administrative or informational
changes. Class 1A modifications require prior approval of the Director of the Ohio EPA.

= (Class 1A Modification (dated December 10, 1999) requesting a one-year extension to the
Spent Acid tank closure deadline to account for remediation of underlying contaminated
soils.
Assigned OEPA tracking number 991220-1A4-01 and approved January 6, 2000.

. Class 1 Modification (dated December 8, 1999) replacing one 21,000-gallon tank with two

14,000-gallon tanks.
Assigned OEPA tracking number 991213-14-01 and approved by OEPA January 7, 1999.

= Class 1 Modification (dated November 30, 1999) requesting six informational changes to
Section D — Process Information.

Assigned OEPA tracking number 991202-1-01 through 991202-1-06 and approved January
24, 2000.

= (lass | Modification (dated January 30, 2000) changing the reporting schedule for progress
reports from monthly to quarterly to conform with Agency guidance.

“Assigned OEPA Tracking number 00013 1-1-01 and approved February 16, 2000.

If you have any questions or concerns about these modifications, please contact me at the number
listed above.

Respectfully, :
Judy Trader : i ' | J
Environmental, Health & Safety Engineer ! _ _rf.
: _ ‘ )00
Ce: Marlene Kinney, Ohio EPA - DHWM A —
o, Pootetin £ Hg Mben
S. EPA -~ RERQION 5§

CHEMICAL DISTRIBUTION = SOLVENT RECLAIMING = HAZARDOUS WASTE SERVICES
EPA I.D. NO. OHD001926740



HUKILL CHEMICAL CORPORATION

7013 KRICK ROAD - BEDFORD, OHIO 44146-4493 « 440 / 232-9400 « FAX 440 /232 9477

Over Fifty Years of Quelity Products and Services

August 19, 1999

Ms. Harriet Croke

RCRA Permitting Branch
HRP-8J

77 West Jackson Boulevard
Chicago, .. 60604

Re: Hukill Chemical Corporation
US EPA 1.D. Number OHD001926740
May 21, 1999 Class1/1A Modification Reguests

Dear Ms. Croke,

In accordance with OAC 3745-50-51 {c){1)(a)(ii}, this letter shall serve as your notification that
Hukill Chemical Corporation has submitted two Class 1 modification requests and two Class 1A
modification requests to the Ohio EPA. Class 1 modifications are administrative or informational
changes that can be implemented right away without Ohio EPA approval. Class 1A requests
require the OEPA Director's approval prior to implementation. The foliowing details the
modifications and Ohio EPA’s response to the four modifications:

¢ Class 1: The update to Sectlion | of the Part B permif application includes the most recent
closure/post closure cost estimate. This administrative change was acknowledged by OEPA
in a letter dated June 9, 1999 and was assigned a tracking system (PITS) ID number of
990525-1-1.

e Class 1: The second update to Section | of the Part B permit application, to change Table 3
and Table 3A to reflect the current rinseate standards, was assigned a PITS ID number of
990525-1-2. This was acknowledged by OEPA in a letter dated June 9, 1999.

¢ Class 1A: Modification of the timeframe found in permit condition A.26(b)(iii), submittal of an
approvable closure pian. This was approved by OEPA in a letter dated June 9, 1999 and was
assigned a fracking system PITS D number of 900525-14-1,

¢ Class 1A: Change in the closure schedule to extend the closure period for closure of the
spent acid tank from 180 days to 270 days. This was approved by OEPA in a letier dated
June 10, 1999 and was assigned a tracking system PITS |D number of 980528-1A-1.

If you have any questions, please feel free to contact me at the number listed above or you can
contact Ms. Marlene Kinney with OEPA at (330) 963-1162.

Respectfully,

JenniférjP. "“zr?:f:b

Environmental, Health and Safety Manager
Hukill Chemicat Corporation




HUKILL CHEMICAL CORPORATION

7013 KRICK ROAD « BEDFORD, OHIO 447146-4493 = 440 / 232-9400 = FAX 440 /232-9477

Over Fifty Years of Quality Products and Services

March 5, 1999

Ms. Harriet Croke

RCRA Permitting Branch
HRP-8J

77 West Jackson Boulevard
Chicago, IL 60604

Re:  Hukill Chemical Corporation
U.S. EPA I.D. Number: OHDO001926740
Ohio EPA [.D. Number: 02-18-0315
Class 1-A Modification Request Approved and Implemented

Dear Ms. Croke,

In accordance with OAC 3745-50-51(C)(1)(a)(ii), this letter shall serve as your
notification that Hukill Chemical Corporation, a permitted ‘Part B’ facility, has
implemented a Class 1A modification which was approved by the Ohio EPA on January
20, 1999. Class 1A modifications are administrative or informational changes that
require approval before implementation.

This modification made changes to an interim compliance date as agreed to in a meeting
with the Northeast District Office (NEDO) of the Ohio EPA in December 1998. The
compliance date was replaced with a requirement for monthly progress reports. This
change allows for better, ongoing communication with the agency, and will help ensure
that the final submittal will be acceptable to the agency. The first monthly progress
report was submitled to the NEDO on February 2, 1999.

If you have any questions on this matter, please feel free to contact me at the number
listed above.
Respectfully,
‘f y j  ;_ _{'.
Jennifer P. Zylko

Environmental, Health and Safety Manager
Hukill Chemical Corporation

cc: Marlene Kinney - Ohio EPA, NEDO

CHEMICAL DISTRIBUTION = SOLVENT RECLAIMING « HAZARDOUS WASTE SERVICES

EPA I.D. NO. OHD001926740



